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IIporpamMa HaBYAJIBbHOI JUCIHUATLIIHA
1. Onuc HaBYAJBHOI AMCUMILIIHH, HOT0 MeTa, IpeAMeT BUBYEHHS TA Pe3yJIbTATH HABYAHHS

Hapuanpna gucnumuiina “TexHosioris Ja3epHoi po3mipHoi 00poOKH” TOJOBXKYE 3arajibHy
TEXHOJIOTIYHY MiJArOTOBKY (haXiBIB 3 ypaxXyBaHHAM CIHEIU(iKd MOOYJOBH TEXHOJOTIYHUX OIeparii jJa3epHOl
pO3MipHOT OOpOOKHM, MO TOB’SA3aHO i3 OCOOJIMBOCTAMH I1HCTPYMEHTY Ta 1ix pe3ynsTariB OcoOMUBICTH
TEXHOJIOTIYHHUX Omepaliil ja3epHoi 0OpOOKH MmoJsirae B TOMy, IO (axiBemb Mae CIpaBy 3 HE MaTepiaJbHHM,
9acTO-TYCTO HE BUIUMUM 1HCTPYMEHTOM y BHUTJIAI 3TYCTKY MOTYKHOI €JICKTPOMArHiTHOI €Heprii, sSskuif HabyBae
eKCIUTyaTamiiHuX (peKMMHHX) BIACTUBOCTEH IIMIIE TiJ Yac BHKOHAHHS oOIepaiii, TOMYy Mpouexypu ii
MPOEKTYBaHHs Ta MPAaKTHYHOI peani3amii JOKOPIHHO BIAPI3HSAIOTHCA Bl TOAIOHWX 3aBJaHb HE TIJIBKH 3
MexaHIYHOI OOpOOKHM pi3aHHSAM, a W M IHIOUX, HETPATUIIHHAX METOMiB, SKi BITHOCATBHCSI OO KIIacy
eJIeKTPOQi3UKO XIMIYHUX BUIIB OOPOOKH.
BuknananHs HaBYaJbHOI AWCUMIUIIHM Haga€ CTYACHTaM MOXIIMBICTD OBOJIONIHHS —alTOPUTMOM
CTBOPEHHSI TEXHOJIOTIYHOI Omepallii Jia3epHoi po3MipHOi (200 mperu3iiiHoi) 00poOKH, 110 BKIIOYAE 0 cede TaKy
MTOCIIIOBHICTE il JJIs CTAaHJAPTHUX BUPOOHUYUX CUTYAITlil:
® TIOTIepeaHs MOPIBHSAIBHA OIIHKA MOXUIMBOCTEH 1HIIMX HETPATUIIIMHUX METOIIB 0OpOOKH, a TaKoX
MeXxaHI9HO1 0OpPOOKH pi3aHHsIM, IO TOPKAETHCS PO3MIPHHUX, SKICHUX, IIOKA3HUKIB IPOIYKTUBHOCTI Ta
co0iBapToOCTi, U OOTPYHTYBaHHS BUOOPY METOY;
aHaJIi3 MPUIATHUX TEXHOJOTIYHUX CXeM 0OpOOKH (omepariifHuX ecKi3iB) 3 Ii€l0 K METOIO;
pexxUMHE 3a0e3reueHHs] 00paHol cxeMu OOpOOKHM 3 ypaxyBaHHAM BHUMOT TexHiuHOTO 3aBaaHHs (T3)
Ta MOKJIMBOCTEH TEXHOJIOTIYHOTO 00JIaAHAHHSI B3araii abo A0 SIKOTO € AOCTYTI,

® CKJIAJaHHsA, B pa3l HEOOX1HOCTI, 3aBJAaHHS HA MPOCKTYBAHHS TEXHOJIOTIYHOTO OCHAIICHHS Oomepartii
JNOAAaTKOBMM TPHCTOCYBaHHSAM 3 METOI0 CHeLiami3alii TeXHOJOTIYHOro oOJagHaHHSA [UIs
3a0e3MeyYeHHs] BAKOHAHHS KpUTepianbHuX Bumor T3.
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HapuanpHa mucruIuriHa HAJICKHUTH O TEPETiKy BHOIPKOBUX AUCITUILTIH TEPIIOTO PiBHSA BHUINOI OCBITH —

OakarnaBpa 3 MPUKIAJHOI MEXaHIKH.

IlpeameToM HaBYAJBLHOI IHCHMILIIHM € TEXHOJOTIYHE 3a0e3leueHHs 00paHOTO  TIPOIECY

(hopMOYTBOpPEHHS 3a/I1aHUX €JICMEHTIB 3arOTOBKHU.
MeTolo HaBYaIbHOI AMcUMNAiIHM € GOPMYBaAHHA Y CTYAEHTIB KOMNETEHTHOCTEN Y BignosigHocTi go OMM, a

came:
3aranbHi KomneteHTHOCTi (3K)

3K.01 | 3paTHicTb A0 abCTPAKTHOrO MUCAEHHSA, aHaNi3y Ta CUHTE3

3K.02 | 3HaHHA Ta pO3yMiHHS MpeAMEeTHOI 001acTi Ta po3yMiHHS MPodeciifHOT MisITbHOCTI

3K 03 | BMiHHS BUSBIATH, CTABUTH Ta BUPILTYBATH IPOOIEMHU

3K 04 31aTHICTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CHTYaIlisIX

daxoBi KomneTeHTHOCTI cneujianbHocTi (PK)

30aTHICTb 40 KPUTUYHOIO aHaNi3y Ta MPOrHO3yBaHHA XapPaKTEPUCTUK HOBUX Ta iCHYOUMX

®K 01 | maTtepianis, napameTpiB NPOLLECIB iX OTPMMAHHA i 06PO6KM Ta BUKOPUCTAHHA Y BUpobax
(abo y BUpoHHMUMX yMmOBaXx)

K 03. 30aTHICTH TPOBOJUTH TEXHOJIOTIUHY 1 TEXHIKO-€KOHOMIYHY OI[IHKY €()EeKTHBHOCTI BHKOPHUCTAHHS
HOBHX TEXHOJIOTIH 1 TEXHIYHUX 32C00iB
3aTHICTh 3aCTOCOBYBATH KOMIT IOTEpU30BaHi cucteMu npoektyBanHus (CAD), BupoOHHIITBA

®K 07. | (CAM), imxeneprux nocuimkens (CAE) Ta cnenianizoBane npHKIagHe IPOrpaMHE 3a0€3MeYeHHs
JUIsl BUPIICHHSI iH)KEHEPHUX 3aBAaHb 3 MPUKIAIHOT MEXaHIKH.

K09 3aaTHICTb OOr'PYHTOBAHO 3AiACHIOBATM BUBIp TEXHOOTIN BUrOTOBJ/IEHHS, 0O6P06IEHHS,

' BUNpPODOYyBaHHA maTepianiB i BUPObiB, ANA KOHKPETHUX YMOB eKcnayaTtauii

3MaTHICTH OMUCYBaTH Ta KiacH(iKyBaTH MIMPOKE KOJIO TEXHIYHHX OO €KTIB Ta IMPOLECIB, IO

®K 10. | rpynryerhes Ha rIMOOKOMY 3HaHHI Ta PO3yMiHHI OCHOBHMX MEXAHIYHMX TEOpiH Ta NpPaKTHK, a
TaKOXK 0a30BUX 3HAHHIX CYMDKHUX HAYK
3naTHICTh OOMpaTH ONTUMAJIBHI Ta PO3POOJIATH HOBI TEXHOJIOTIT Ta 00JIaHAHHS JIJIS JIA3CPHHX Ta

®OK 16. | (hizuko-TEeXHIYHHX MPOLECIB 3 METOKO MiJBUILEHHS IPOAYKTHBHOCTI Ta KOHTPOIBOBAHOCTI IIUX
MIPOLIECiB

OK 17 31aTHICTh BIPOBAIKYBATH Ta OCBOIOBATH TEXHOJIOTIYHI MPOLECH BUPOOHHIITBA HOBOI MPOAYKIIIi,

MIEPEeBIPSATH SAKICTh MOHTAXY Ta HAJIATOJPKEHHS NIPY BUIIPOOYBaHHSX 1 3/1avi B €KCILTyaTallif0 HOBUX
3pa3KiB BUPOOIB, BY3JiB, JeTaleH i KOHCTPYKITIH.

3rilHO 3 BHMOTaMHU OCBITHBO-NIPO(ECiiiHOI MporpamMu CTYAEHTH IHICIsS 3aCBOEHHS KPEAMTHOTO
MOJTYJIIO MalOTh IPOJAEMOHCTPYBATH TaKi NPOrPaMHi pe3yJIbTaTH HABYAHHSL:

3acTocoByBaTH HOPMATHBHI Ta MOBITKOBI JaHi I KOHTPOJIO BIATIOBIMHOCTI TEXHIYHOI TOKyMEHTAIII1,

PH 07 BUPOOIB 1 TEXHOJIOTIH cTaHIapTaM, TEXHIYHIM YMOBaM Ta iHIIMM HOPMATHBHUM JIOKYMEHTaM
3HaTH 1 pO3yMITH OCHOBH iH(GOPMALIHHUX TEXHOJIOTiH, MPOTpaMyBaHHs, NPAKTUYHO BUKOPHCTOBYBAaTH

PH 08 |mpuknagne mporpamHe 3a0e3ledeHHs sl BUKOHAHHS 1HXEHEPHUX PO3paxyHKiB, 00poOku iHpopmarii
Ta Pe3yJIbTATIB EKCIEPHUMEHTAIBHUX JTOCIDKEHb.
3HaTH Ta pO3YMITH CYMDKHI Tamy3i (MeXaHiKy piIMH 1 ra3iB, TEIUIOTEXHIKY, CJIEKTPOTEXHIKY,

PHO9 |enexTpoHiky) i BMIiTH BHABIATH MDKAWCLMIUTIHAPHI 3B’S3KM TMPHKIAAHOI MEXaHIKM Ha piBHI,
HeoOX1THOMY /ISl BUKOHAHHS iHIIMX BAMOT OCBITHBOI IPOTPaMH.

PH 23 OnTtuMansHO O0HMpaTH, 3aCTOCOBYBATH, KOMITOHYBATH 1 TIEPEBIPATH TEXHIYHHUN CTaH Ta pecypc
TEXHOJIOTIYHOTO 00JIaIHAHHS JJIsl JIa3epHUX Ta (i3UKO-TeXHIYHUX TEXHOJOTIH

PH 24 Po3po0maTy TexHONOTIUHI mpolecH Ta omepauii JiazepHuX Ta (i3MKO-TEXHIYHHX TEXHOJOTIH 3
BUKOPHCTAHHSM iX IepeBar Ta 0COOIMBOCTEH.

PH 25 Po3po0nsaATH TEXHOJOTIYHI TPOIECH Ta omepallii Jla3epHuX Ta (I3HKO-TEXHIYHMX TEXHOJOTIH 3
BUKOPHUCTaHHIM iX MepeBar Ta 0co0JIMBOCTEH

2. IlpepekBi3uTH Ta NOCTPEKBI3UTH OCBITHHOI0 KOMIIOHEHTY (MicLie B CTPYKTYPHO-JIOTiYHii

cXeMi HABYAHHS 32 BiIMOBIIHOI0 OCBITHBLOIO MPOrPaMoI0)

JIJis yCHIIIHOTO 3aCBOEHHS MaTrepiajly OCBITHROTO KOMIIOHCHTY HEOOXiTHI 3HaHHS, SAKi OJCPKYIOThCS

CTYIGHTOM Yy TMomepenHix Kypcax: «TexHoJsioriudni cucreMud y BHpPOOHMUTBI»; “@izuka B3aemMomii

KOHIEHTPOBAHUX HOTOKIB eHeprii 3 pe4yoBuHOW”; “TexHosorii Ta yCTATKyBaHHSI 3BapIOBAHHA

ILUIABJICHHSM, JIA3ePHUX TA CHOPiAHeHuX npoueciB. YacTuna 2”;.
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3. 3mMicT HAaBYAJBLHOI JUCHHUILIIHA

Beryn.
Po3nin 1. XapakrepucTUKH HeTpaAULiHUX MeTOAIB po3MipHOI 00po0KkH

Tema 1.1. [lopigHsanHs MEXHOIOSTYHUX MA MEXHIKO-eKOHOMIYHUX NOKA3HUKIS, 8US6IeHHs nepesas ma
HeOoiKi6 1azepHoi po3mipnoi obpodxu (JIPO)
Tema 1.2. @opmysanus oOIpYHMOBAHO20 BUCHOBKY NPO Nepedazit 00paHo2o Uy MexHono2ii

Po3ain 2. ®iznuHi ocHOBM J1a3epHOI po3MipHoi 00poOku (JIPO). ETanu pyiinyBaHHs1 MaTepiajly 3aroTOBKH
NY4YKOM JIa3ePHOI0 BUIIPOMiHIOBAHHS:

Tema 2.1. Yepeoa emanie 6nnugy 1azepHo2o npomens Ha 3a20mosKy. Ix Kinvkicna ma axicna 3anesjicuicmo 6io
napamempie OnpoMiHeHHs OCMAaHHbOL.

Tema 2.2. Buou 6niugy onpomineHHsi HA Mamepian 3a20mMo6KuU 6 3anedcHocmi 6i0 ii eracmusocmell ma
Xapaxmepucmux npomeHio.

Tema 2.3. [Llnaxu xepysaris pe3yIbmamamu 1a3epHO20 ONPOMIHEHH: 8i0 HACPIGAHHS NOBEPXHI 3A20MOBKU

00 peanizayii Keposanoeo MmepmosIOepHO20 CUHME3Y\

Po3ain 3. YMoBH Ta ajropuTM NpOeKTYBAHHS TEXHOJIOTiYHOI omepaii Jia3epHoi po3MipHOi 00poOoKu
(JIPO)

Tema 3.1. Ymosu ma o6cmagunu npoexkmyganus mexnoaociunoi onepayii JIPO:

Tema 3.2. Ancopumm npoexmysanns mexnonoziunoi onepayii JIPO

Pozain 4. TexHoJioriuni cxeMu 00po0KU NMOPOKHUH (0TBOPIB, JYHOK, LIIIJIMH, a3iB) pi3HOMaHITHOI (popMH Ta
po3mipiB

Tema 4.1. Cxemu onpominennst ma 8uo iHCmpymeHmy 8iOnoGioHo 00 opmu ma po3mipie nonepexy eiemeHmy
3a20mo6KuU, wo 00pobnsemvces. OOpobKa 6 «OIUNICHIUY MA «OANbHIUY 30HAX.

Tema 4.2. Memoou 06pobKu npeyusiiHux MiKpo NOPOACHUH 31 CKIAOHOW (YOPMOIO NONEPEKY

Tema. 4.3 Memoou ynpagninHs no30083#CHb010 POPMOI0 0OPOOIIEANLHUX eleMeHmI Ma iX 2TUOUHO

Tema 4.4. Ocobnusocmi cxem 00pobKu ma GopmMyeaHHs IHCMPYMEHMY OJisi GUSOMOGICHHS ElEMEHMIE 3
senuKuM posmipom ix nonepexy (>1 mm).

Po3nin 5. MeToan BU3HAYEHHS PesKUMY J1a3epHOI 00POOKY MOPOKHUH

Tema 5.1. Icmopuuna 0osioka npo asmopie ma ix po3pobOK y yapuui UHAHEHHS 3AKOHOMIpHOCMEU ma
wiAxie enauey nHa Kinokicui pezyromamu JIPO.

Tema 5.2. Ilpocnosysanns pezyromamie o0poOKu 3a anarimuunumu moodenimu. Oyinka 0ocmogipHocmi
NPOCHO3YBAHHSL.

Tema 5.3. [lpoexmysanus peosicumie JIPO 3a ananmimuunumu MOOEIIMU, OMPUMAHUMU NPUOTUINCEHUM
PilenHsaM PIGHSHHS MENIONPOSIOHOCHI MEEPOUX mil.

Tema 5.4. [lnaxu napamempuyunozo Kepy8aHHs pesrcumom 0opooKu.

Tema 5.5. Excnepumenmanvhi 0ocaiodcents ma mooentosanns onepayiil JIPO.

Tema 5.6. Ipoexmyeanns pesicumie JIPO. Oono kpumepianeii ma 6a2amo Kpumepianwbii onepayii

Tema 5.7. Hepeswcumni memoou nioguwenus skocmi JIPO
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HaBuyaabHMii KOHTEHT
5. MeTtoanka onaHyBaHHS HABYAJbHOI JMCUMILTiHN

HapuanbHuii MaTepian AUCITUIUTIHM BUKJIAIA€ThCS HA 3aHATTAX 3T1IHO 31 HACTYITHOIO CTPYKTYpOIO (Tad.
1).

Tabmuug 1. CTpykTypa BUKJIAAaHH HaBYAIbHOI JUCHUILTIHH

KinpkicTs ronua
.. Y Tomy umci
Ha3zBu po3niniB Ta Tem v I Tat
CBOTO Texuii paxT. adopar. | -~
3AHATTS poboTu
Beryn
O2nsi0 3Micmy HABYANbHOI OUCYUNIIHU, 1T CIMPYKMYPU,
MpusHauenHs, HaguanvHa 6aza ma micye 6 cucmemi 2 1 1 - -
niocomosxu haxieus
\Pazom 2 1 1
Po3nia 1. Xapakmepucmuxu hizuxo-mexniunux mexnonoziii po3mipHoi oopooxu

Tema 1.1. [lopigusnHs mexHONOIYHUX MA MEXHIKO-
eKOHOMIYHUX NOKA3ZHUKIG, BUABIIEHHS Nepesas ma HeooNiKie 1.5 0.5 1 -
niazeprnoi posmipnoi oopoobku (JIPO)
Tema 1.2. Dopmysarts 0OIPYHMOBAHO20 GUCHOBKY NPO 15 05 1
nepesazu 06pan020 UAY MEXHON02iL. ) )
\Pazom 3 1 1 1

Po3ain 2. @izuuni ocnoeu nazepnoi posmipnoi 06pooxu. Mexanizmu ma emanu pyiuHyeanns mamepiay
3a20MOGKU NYUKOM JIA3EPHO20 GUNDOMIHIOSAHHA NPU (DOPMYBAHHI eleMeHmY UPODY

Tema 2.1. Emanu OisiHHA J1A3€PHO20 HPOMEHA Ha 3 ! 1 ] 1
Ba2omosKy
Tema 2.2. Buou enaugy omnpominenHsi Ha Mmamepiai 3 1 1 } 1
BacomosKu
Tema 2.3. Llnsaxu xepyganns pe3yibmamamu 1a3epHO20
ONpOMIHEHHs 8I0 HASPIBAHHS NOBEPXHI 3A20MOBKU 00 peanizayii| 4 2 1 - 1
Kepo8ano2o0 MepmosdepHO20 CUHIE3Y
\Pazom 10 4 3 3
Po3ain 3. Ymoeu ma anzopumm npoexmyesannn mexmnonoziunoi onepayii JIPO
Tema 3.1. Obcmasunu ma ymosu npoexmy8anHs 4 2 1
Tema 3.2. Aneopumm npoexkmy8auHs MeEXHOA02IYHOL onepayii 4 b 1 ) 1
VIPO
\Pazom 8 4 2 2
Moay/abHa KOHTPOJIbHA po0oTa, 4. 1 3 1 2
Po3nin 4. Texnonoziuni cxemu 006podKu nopoicHun (omeopie, wiinun, nazie) pizHomanimnoi popmu ma
po3mipie
Tema 4.1. Cxemu onpomineHHss ma 6uO I[HCMPYMeHM))
6ION0GIOHO 00 opmu ma po3mipie NONepexy eieMeHmy) 5 P 1 ) b
Bacomosku, wo obpodsemocia. Obpobrka 6 «OaudNCHIUY md
«OANbHILLY 30HAX.
Tema 4.2. Memoou ynpagninHs no3008H#CHbOI0 (hOPMOI0 4 P 1 _ |
0OpOONI0BANLHUX eNleMenmiE
Tema 4.3. Memoou ynpagninns HO3008HCHbOIO DOPMOIO 5 ) 1 b

00pOONI0BATLHUX eeMenmi ma iX eIUOUHOIO




Tema 4.4. Ocobrusocmi cxem 06pobku ma ¢hopmysanis

iHCmMpyMeHmy OISl BUSOMNOBIECHHS eleMeHmi8 3 GeUKUM, 6 2 2 2

posmipom ix nonepexy (>1 mm).

\Pazom 20 8 5 7
Po3aia 5. Memoou euznauenna ma peanizayii peycumy nazepHoi 00poOKu nopoICHUHU

Tema 5.1. Icmopuuna 006i0Ka npo asmopie ma ix po3pooox y

yapuri 8UHAYEHHA 3AKOHOMIPHOCIEl Ma WAAXI8 8NIUBY HA 6 1 1 4

Kinvxicui pezynomamu JIPO

Tema 5.2. [Ipoenosyeanus pezyiomamie 00pooKu 3a

ananimuunumu mooenimu. Oyinka 0ocmosipHocmi 7 2 1 2 2

npocHO3Y8AHHAL.

Tema 5.3. lIpoexmysanns pexcumie JIPO 3a ananimuunumu

WMoodenamu, OmpuMaHumMu NPUuOIUNCEHUM DIleHHAM pieHAHHs| T 2 1 2 2

menionpogionocmi meepoux mii.

Tema 5.4. Lnaxu napamempuuno2o Kepy8aHHs PEHCUM) 12 b ) 6

0OpobKU

Tema 5.5. Excnepumenmanvhi 00Caiodcents ma MoOemo8amHs 11 P 1 6 2

onepauii JIPO.

Tema 5.6. [Ipoexmysanns pexcumie JIPO. O0no kpumepianvhi

ma bazamo kpumepianvhi onepayii 18 1 1 - 16

jTT’ jeDMOa 5.7 Hepeorcumni memoou niosuwyeHHsi skocmi onepayii 5 2 2

Pa3zom 3a po3aijiom 5 66 2 2 61

MoayabHa KOHTPOJbHA podoTa, 4. 2 3 1 2

PI'P 10 - - - 10

Sanix 8 2 6

Bchoro rogun 120 36 18 18 48

5.1. Jlexyiuni 3auammsi
Tabmuus 2. Temu nexyitinux 3ansame

JICK

Hazsa Temu J'IeKI_Iﬁ Ta nepeniK OCHOBHUX ITUTaHb

Beryn. Merta Ta 3a/1a4i 0CBIiTHbOT0 KOMIIOHEHTY.

Po3ain 1. Xapakmepucmuxu nempaouuyiiinux memooie po3mipHoi oopooxu

Tema 1.1. Micue nazepHOi po3MipHOi 0OPOOKH y CUCTEMi eNeKTPO]i3UIHUX Ta eIEKTPOXIMITHAX
MeToiB (EOXMO). Iopisusaus (EOXMO) 3a TexHIKO-eKOHOMIYHIUMH MTOKa3HUKAMH Y PI3HUX YMOBaX
00poOKH

Jliteparypa: 6azoBa - [1], [2],

3apnanns Ha CPC: SIKi KiTbKiCHI JOCSATHEHHS BITHOCHO PO3MIPHHX, SIKICHUX Ta EKOHOMIYHHX
TIOKa3HMKIB KOHKYPEHTHMX MeTOoiB. HaBecTH Ti, 3 AKMX J1a3epHa po3MipHa 00poOKa nepeBepurye
JOCSTHEHHS 1HIINX METO/IB. SIKi IpaKTHYHI TEXHOJIOT1UHI 3a/1a4i 00pOOKH OTBOPIB BHPIIIYIOTHCS 3
MEHIIMMHU BUTpaTaMy (€KOHOMIYHHMH Ta TEXHIYHUMH) 3 BUKOPUCTAHHIM HETPAIUIIIHHUX METO/IIB
00po0Oku. Bubparn HattOLThII eheKTHBHUN METOT (DOPMYBAaHHS CHCTEMH 3 YOTHPHOX OTBOPIB 1iaMETPOM
0,1 MM, ki po3TAIIOBAaHO Y KyTax KBamapary i3 cropoHoio 0,5 MM. 3aroToBka — JIMCTOBUH MaTepial i3
KOHCTPYKIiHHOI kepamiku 22 XC toBmmHOI0 0,5 MM. OOTpyHTYBaTH 3p00JIeHNH BHOIp NUISIXOM aHaNi3y

MOKJIMBOCTEH KOXKHOTO 3 MCTOI[iB B YMOBax InOCTaBJICHOI'O 3aBJaHH.

Po3nin 2. ®izuyHi ocHOBM Jia3epHOI po3MipHOI 00poOku. ETanu pyliHyBaHHS MaTepialy 3ar0TOBKH

MY4KOM JIa3ePHOT0 BUIIPOMiHIOBAHHS

Tema 2.1. IlapameTpHu My4Ka BUIIPOMiHIOBAHHS,

SIKi mapaMeTpu MpOMeHs BU3HAYAIOTh XapaKTep B3a€EMO/Iii BUIIPOMIHIOBAHHS 3 MaTepiajioM 3ar0TOBKH.
BruB TemoBux BIacTUBOCTEH MaTepialy 3arOTOBKH Ha pe3yJbTaT Jii BUITPOMiHIOBaHHSA. MeTonn
apaMeTPUIHOTO BIUTMBY HA IyYOK BUIIPOMiIHIOBAHHSI.

Jlitepatypa: 6a3oBa - [lf: [2],

3apnanns Ha CPC: HaBecTn He3alexHi Ta KOMIUIEKCHI TapaMeTpH ITy4Ka BUIIPOMIHIOBAHHS Ta 3B'SI30K
MIXK HUMH. SIKi Terto¢i3ndHi BIACTHBOCTI MaTepialy 3aroTiBKU BIUIMBAIOTh Ha XapaKTep Ta Pe3yJIbTaTh
IISTHHS IPOMEHS Ha 3aroTiBKy. BH3HaunTH 3aCcO00H MapaMeTpHIHOTO KePYBaHHS ITyYKOM
BUTIPOMiHIOBaHHS/

Jliteparypa: momatkosa [5]

Tema 2.2. ETanu nepeTBOPEeHHsI eHePrii BUIPOMiHIOBaHHsI. Buau BIUIMBY ONPOMiHEHHS HA
MaTepiaJj 3aroTOBKH

[ornvuHeHHs Ta IEpETBOPEHHS MPOMEHUCTOT eHEepril pi3HUMH MatepiadaMu. 3akoH Byrepa. Harpis Ta
pyHHYBaHHS MaTepiaay 3arOTOBKH 3a IMITYJIbCHOMY Ta Oe3lepepBHOMY pEeXUMIi TTo1adi eHeprii
BUTIPOMiHIOBaHHS.

Jlitepatypa: 6a3osa - [1], [2]

3apganns Ha CPC: HaecTu etamm B3aeMoii, SIKi XapaKTepHi 71 BUCOKHUX PiBHIB iHTEHCHBHOCTI
(6inbute, Hix 10° BT/cM?). i 9oro 3aexkarh BiJONTTS Ta IOTIMHAHHS IPOMEHEBOI €HEpril TOBEPXHEO
3aroToBKHA. YUM BU3HAYAETHCS piBEHb KOe(ili€eHTY MmorimuHaHHA? 3aKOH MmoriuHaHHg byrepa: 00’ eMHuit
Ta MOBEPXHEBUI XapaKTep NOTJMHAHHS Ta 3B’ A3aHUH 3 UM BUJ pyHHYBaHHS MaTepiany 3a paxXyHOK

fioro meperpisy. SIKi 3 TpOX BH/IB HArPiBy MaTepiany My4YKOM Ja3epHOr0 BUIPOMIHIOBAHHS MOYKHA
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BUKOPHUCTOBYBATH JIsl pO3MIpPHOTO (JopMOyTBOpeHH:? BuOpaTu Ta oOrpyHTYBaTH THII Jla3epa,
BUIIPOMIHIOBaHHSI IKOTO MOKe OyTH e()eKTHBHO BUKOPHCTAHO JIsl IKicHOT 00po0Oku oTBOpiB B0,05 MM
rHOMHOI0 | MM Y 3ar0TOBKH 3 KOHCTpYKUiiiHii kepamini 22XC. Ha BHYTpilIHIN OBEPXHI OTBOPY HE IOIMYCKAETHCS
IIap 3aCTUTIOTO po3miaBy. [[OpiBHSAHHS POBECTH 3 BUKOPUCTAHHAM PiBHIB HOPMOBAHOTO KOG(IIiEHTY
nornuHanHs B (ans xepamixu: k = 0,09 kan/(em.c.rpan), ¢, = 0,37 xan/(r.rpan), Tn,= 3500 °C, L,=2,6.10°
KaJI/F, 0)=1,06 = 30 CM_l, =106 = 104 CM_I).

Jliteparypa: momatkosa [6]

Tema 2.3. lasixu KepyBaHHs pe3yabTAaTaAMU JIa3ePHOr0 ONPOMiHEeHHsI. 3a/IeXKHICTh MOKA3ZHUKIB
onepauii Bil y4aCHHUKIB TeXHOJIOTIYHOI onepauii

AHaiiz KepoBaHOCTI pO3Mij)HI/IMI/I Ta SIKICHUMH XapaKTEpPUCTHKAMU PE3yJIbTaTiB OOpOOKH.

Jliteparypa: 6a3osa - [1; [2],

3apnanns Ha CPC: Haectu mosximBocTi JIPO BiqHOCHO MOKa3HUKIB 00pOOKH OTBOPiB (JIyHOK). SKi
IIapaMeTpH 3aroTiBKU MOBUHHI OyTH BpaxoBaHi IIPU IPOEKTYBaHHA TeXHOJI0r4Hoi onepauii JIPO. Sxi
IUISXHM KepyBaHHS TEXHOJIOTIYHOIO OTepalliero HeoOX1AHO BUKOPUCTOBYBATH st BUKOHAHHS T3 Ha
oIIeparrito.

JliTeparypa: momaTtkosa [7]

Po3ain 3. YM0BH Ta aJIrOPUTM NPOEKTYBAaHHS TeXHOJOriYHoi onepauii JIPO

Tema 3.1. O0cTaBMHU Ta YMOBH NPOCKTYBaHHA MeToIy KepyBaHH: IOIEPEUHOI Ta IIOB3J0BKHbBOI
(opMOI0 NOPOKHKMHM MiJ Yac Ja3epHOi 00poOKH . [HTeNneKTyallbHe Ta IPeIMETHE CEPEIOBUIIE IPH
JIIPOCKTYBaHHH TEXHOJIOTIYHIX OTeparlii.

iTepaTypa 6a3oBa ) ) )
3apnanHs Ha CPC: Bu3HaueHHs MIPIOPUTETHUX HANPSAMKIB KepyBaHHS MmpoiecoM 00poOku. Panrosi
Juarpamu BILTUBY (DakTopiB.
JlitepaTtypa: gogarkosa [5], [7]

Tema 3.2. AropuT™M NPOEKTYBaHHA TeXHO10Ti4HOI onepauii JIPO.

DopMyBaHHS Ta IEPETBOPEHHSI KAyCTUKH ITy4Ka BUIIPOMIHIOBAaHHS B PE30HATOP1 Ta ONTHYHUMHU
eJleMeHTaMu HiHBaMI/IE. I'nmubuHa pizkocTi onTuuHOI cucteMu. [ToaBiiHa nosxuna Penes

Jlitepatypa: 6a3zoBa — [ 1], cTop. 3&35; [2], [Ip. 2, ci. Ne 14-25, [3], cTop.

3apnanns Ha CPC: TexHomnoriuHi cxemu (JOpMyBaHHS OTBOPIB IyYKOM Ja3epHOTO BHIIPOMiHIOBaHHA. B
SAKMX YMOBaX e(heKTHBHA Ta 4M iHIIa cxema? SIKi 3acO0M KOHIIEHTpaIlil IPOMEHHUCTOI eHepTil
BUKOPHUCTOBYIOTBCS y IMX cxeMax. PopMyBaHHS Iy4Ka BUIPOMIHIOBAaHHS y PE30HATOPI, HOTO
MIEPETBOPEHHS TOHKOIO CPEPUIHOIO JIiH3010. [ TOMHA PI3KOCTI ONITHYHOT CUCTEMH, ii BIUIMB Ha
TOB3JIOBXKHIH MPOQ1isib OTBOPY: 32 SIKOi YMOBH MOXHA OOPOOUTH IMIIIHIAPUIHAN OTBIp?

Jliteparypa: momatkosa [7]

Po3ain 4. Texnonoziuni cxemu 06podKu nopoxcHun (omeopie, Wiinun, nazis) pizHomanimuol popmu ma

po3mipis

Tema 4.1. Metoan ynpasJiiHHA (pOpMOIO NONepeKy MOPOKHIUHH.
TexHonoriyHi cxeMu GopMyBaHHS PO3MIPHHX el1eMeHTIB BUpoOy. OOpo0Ka y «IanbHii» Ta «OIMKHIM»
30Hi. [Ipoekrriiini cxemu 00pOOKH: PO3paxyHOK IMapaMeTPiB MPOSKINIIHOI CHCTEMH, TabapUTHHIA
%ospaxyHOK. [Ipuknaaym 00poOKH y HambHIN 30HI.

iTeparypa: 6azoBa —[1],; FZ],
3asgannasg Ha CPC: O6pobka y “maibHii” 30Hi: SKi OTBOPH 3a MOTIEPESIHUM 3pi30M MOKHA 00pOOHUTH y
“nanpHii’” 30H1. BUOpaTH, HAKPECIUTH Ta pO3paxyBaTH ONTHYHY CUCTEMY TSI 0OpOOKH KiJTBIIEBOT
nopokHuHY [J10 MM mmpuHOO 0,1 MM ITy9KOM BHIIPOMiHIOBaHHS Jiazepa Ha rpaHaTi giamerpom 10 MM
Ta 3 KyToBUM po3xopkeHHsM 0,005 pan. [TpuitHsITH MOKAa3HUK EPEeIOMIICHHS MaTepiany ONTHYHUX
€JIEMEHTIB piBHUH 1.5.
[poexmiitHa cxema 00poOKK OTBOPIB CKIIJAHOT (POPMH y TOHKHX 3aroToBKax. [IoOyyBaTH onTuiHy
cucTeMy 11l GOpMYBaHHS ITy9Ka JIA3ePHOTO BUIIPOMIHIOBAHHSI CKJIATHOTO TIOTIEPETHOTO PO iTfo Ta
KOHLIEHTpauii Horo eHeprii Ha IOBEPXHIO 3arOTOBKU. BHOpaTu Tul Ta HAKPECIUTH ONTUYHY CXEMY AJIS
MPOeKIiiHiIl 00poOKH BikHa KBaJpaTHOI HorepeyHoi hopmu 50150 MKM y IITIBII 3 XpOMY 3aBTOBIITKH
10 MKM Ha MMOBEPXHi CKIITHOI INIAaCTUHKY. BunpominioBad Ha pyOiHi 3 JoBxkHHOIO XBuUIi [ = 0.6943
MKM, JiaMeTpoM Iyuka 5 MM 3 KyToM posxokeHHs 0,003 pan. Ckinactu cxeMmy aKTUBHO-TPOEKLIHHOT
OIITUYHOI CUCTEMH JIJIsi BAKOPHCTAHHS 3 JIA3EPOM Ha IMapax Mifi, SKUi Ma€e KOe(ilieHT MiJCHIICHHS
akTHBHOTO cepeopuma [ = 10% cm™.
Jlitrepatypa: nogatkona [7]

4,5

Tema 4.2. dopmyBaHHs Ta IEPETBOPEHHS KAYCTHKH Iy4YKa BUNPOMIHIOBAHHS SIK P000Y0ro
IHCTpYMeHTyY

Hananus monepeky iHcTpymeHTy dhacoHHoi popmu. IIpoekititina cxema 00poOKH OTBOPIB CKIIATHOL
(hopMH y TOHKHX 3aTOTOBKaX.

Jliteparypa: 6azoBa —[1],; [2]

3apnanns na CPC: I1oOyayBaTh ONTHYHY CUCTEMY [l (JOPMyBaHHs Iy4Ka Ja3epHOTo
BUIIPOMIHIOBAaHHSI CKJIaTHOT'O MIOTIEPEYHOr0 MPO(III0 Ta KOHIEHTpALii HOT0o eHeprii Ha MOBEPXHIO
3arOoTOBKU. BUOpaTH TUN Ta HAKPECIUTH ONTHYHY CXEMY JUIS POEKILilHii 00poOKH BikHA KBaIPaTHOI
nonepeunoi Gpopmu 500150 MKM y TUTIBIII 3 XpOMY 3aBTOBIIKH 10 MKM Ha MOBEPXHI CKJISHOT IJIACTHHKH.
Jliteparypa: momatkoBa — [5]

5,6

Tema 4.3. Cxemu 00poOKU TOYHUX MIKPO OTBOPIB B TOHKHX 3aI0TOBKAX, HAHO TEXHOJIOTII.

Mikpo OTBOpH HaidacTile BUKOPUCTOBYIOTH IIJIS KEPYBaHHS JT03aMH PiIUHHU a00 Ta3y B METUIHUX
CHCTeMax, B aBlampuiagax Uit aBTOMAaTH3aIlil poOOTH BUKOHABUMX €JIEMEHTIB CHCTEMH Ta
iH(opMaTHBHOrO 1X 3a0e3meueHHs. IIpu bOMy 4acTO HOPMYETBCS HE HOro po3Mip, a IPOITyCKHA
3maTHICTh. TOMY MpH IX BUTOTOBIIEHHI MOTPIOHO aBTOMATHU3yBaTH IIPOIeC 00pOOKH 3 HOPMOBAHOIO
BUTPATOIO ra3y (MOBITps) uepe3 oTBip. He 3aBx 1y npy BUKOHAHHI TEXHIYHOT'O 3aBJIaHHS Ta HOTO
BIIPOBADKCHHS Y BUPOOHMIITBI BiJICYTHE TEXHOJIOTTUHE 00JIaIHAHHS, SIKE 3[JaTHE JOCSATTU BIIOBITHUX
pe3ynbTatiB. Un € MOXKIIMBICTh MOJEPHI3yBaTH T€ O0JIaHAHHS, SIKE €, U1 BAKOPUCTAHHS B pO3po0IeHii
onepamii? TyT € MUISXYW BUKOHAHHS 3aMOBJICHHS.

Jliteparypa 6a3oBa [1]

3apnanHs Ha CPC: Bu3HaunTH NUISIXHM KepyBaHHS YMOBAMH OIPOMiHEHHS 3arOTOBKH 331aHO1 TOBIIMHH B
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oreparlisiX BUTOTOBJIEHHS TOYHUX MIKPO OTBOPIB 200 CKiIaqHOro 3a (hopMoro monepeky. [le Tpeda
PO3TaIIOBYBaTH 3aroTiBKY B KayCTHIIl Ja3epHOro npomens? Jlaiite BU3HauUeHHS «IOBKUHU Penes» Ta
OB SDKITH 11 3 TOBIMHOIO 3arOTOBKH. SIKUM YHHOM PO3IOBCIOJIKYETHCS IPOMiHB 3 IHTEHCUBHICTIO >
10"° Br/cM? B po30pHX JTienekTpuKkax ?

Jlireparypa monatkosa [5,7]

Tema 4.4. Metoam ynpapJ/iiHHSI IOB3/10B:KHBOI0 (DOPMOI0 NOPOKHUHU

Metoau KepyBaHHS MOB3IOBXKHIM mpodieM NMOpokKHUHH. HeHackpi3Hi Ta HACKpi3HI MOPOKHUHH.
HuninapuuHa ceiiioa Tpyoka (ILICT).

Jlitepatypa: 6a3oBa — [1], crop. 43-50; [2], [1Ip. 3, cim. Ne 17 -23

HInaxu He3aJIeKHOTO KEPYBaHHsI IOB3I0BKHBOIO (HOpMOI0 00pOOIIEMOTO €1eMEHTy BUPOOYy.
Jliteparypa: 6azoBa — [1],; [2],

3apnannsg Ha CPC: ®opMu O0BKHBOTO MPOQLII0 OTBOPIB Ta JYHOK Ta BIUIMB HA HBOTO IapaMeTpPiB
onpomiHeHHs1. PopMyBaHHS HUIIHIPUIHOT CBITIOBOI TpyOKu. CKIIACTH ONTHYHY CXeMY AJsl 0OpOOKH
HWITIHIPUYIHOTO 0TBOPY AiaMeTpoM (10,3 MM y 3aroTOBIII TOBIIUHO 3 MM y HAJTIHIAPUYHIN CBITIOBIH
TpyOLi IS TAKKX TapaMeTpiB MTyyka BUIPOMIiHIOBaHHA: fiamerp 10 MM, KyT po3xomxkenHs 0,002 pan,
[1=1,06.10" mm.

Jlitreparypa momaTtkosa: [7]

Tema 4.5. Cxemun (opmMoyTBOpeHHsI IJIMOOKMX OTBOPIB 3 MaJMM IONEPEKOM 32 pPaxXyHOK
BUKOPHUCTAHHSI SIBUII HENIHIIHOT ONTHUKY IPH 00poO1i OTBOPIB 3 acleKTHOIO TauouHoo h/d >100
Crutagaocti 00poOku rmubokux otBopiB (I > 10 d) cBepaneHHsM (MexaHO 0OpoOKa) MOB’si3aHi sK 3
MOCTaYaHHSAM OXOJIO/KYBaJbHOI DITMHHM B 30HY OOpOOKH, Tak 1 3 BIJBENEHHAM CTPYKKH dYepes
I'BUHTOB1 KaHAaBKH CHIPaJIbHOTO cBepisia. ToMmy cBepasa Al IIHMOOKOI0 CBEPAJICHHS BUIOTOBJISIOTH
IUIOCKUMH Ta IyCTOTUTUMHU. [Ipwm mpomeHucTiii oOpoOIli (JasepHa abo eIEKTPOHHO TPOMEHEBA)
TPYIHOII OB’ sI3aHi 31 CKJIaHICTIO CTBOPEHHS Ha JTHI OTBOPY, IO 00POOIISETHCS, TETUIOBE KEPEIO
BUCOKOI TyCTMHH mOTyXHOCTi W, > 10" Br/cM’ BHacHifok sBHma AMdpakiii, 10 HAmae
MOB3JIOBKHBOMY TPOdiII0 KaycTHKH HpoMeHs: Gopmy rimepOomnoiga obepTaHHs 3 MiHIMaJbHUM
PO3MipOM TOPJIOBHHHU Yy (OKaJbHIH IUIONMHI JIIH3W (00 €KTHBY) NMpPU HYJIHOBOMY 3HAY€HHI KyTa
po30ikHOCTI TpoMeHs 0. CriocoOu Mo0NIaHHs ITUX IMepernKkoa. TparnchokaTopH, 3aCTOCYBaHHS BUCOKO
IHTEHCUBHHX TIPOMCHIB.

3apnannsg Ha CPC: OcHOBM HeniHINHOT onTHKH. SBHIE 6araTo ()OTOHHOTO TOTJIMHAHHA. YMOBH
TIEPEeTBOPEHHS YaCTOTH MPOMeHs (TeHeparis 2, 3 TapMOHIKH)

Jlitreparypa Ga3oBa [2]

JliTeparypa: mogarkoBa — [7]

Po3aia 5. Memoou eusnauenns ma peanizauii pex3cumy 1a3zeproi 00pooKu nOPOICHUHU

7,8

Tema 5.1. IIpornozyBanHsi pe3yjbTaTiB 00pO0OKHM 32 AHAJITHMHUMM MOJCJISAMU

Metoau nporuo3yBaHHs Pe3yNbTaTiB J1a3epHOI po3MipHOT 00pOOKH

Oco0IMBOCTI aHAMITHYHOTO Ta €KCIIEPUMEHTAITLHOTO METOIIB TPOCKTYBaHHSI. MeToauKa po3poOKu
aHATITHIHAX (PYHKITIOHATEHAX ) MOJIEIICH ITPOIIEeCY JIa3epHOi 00pOOKH; TETUTOBI KOHIIEIIITIT
(hopMoyTBOpeHHS TOPOXKHUH. DeHOMEeHooTiuHa MoeNTb. OOMEXKECHHS B BUKOPUCTAHHS aHANI THYHUX
MOJIENIEN.

Jliteparypa: 6azosa —[1], [2],

3asnanns Ha CPC: [TopiBHSUTEHI XapaKTEPUCTUKH PO3PaXyHKOBHUX PE3yJIbTATiB MMPOTHO3YBAHHS
oreparliii 00poOKH OTBOPIB 32 aHATITHYHUMHE MOJICIISIMY, TPHYUHHI HEJOCTATHHOI TOYHOCTI PO3paxyHKIB.
PozpaxyBatu pe3ynbrat 00poOku 3arotoBku i3 ctani 18X2H4BA (L, = 8100 xIx/kr, p = 7,8.10"
kr/em’, k = 0,3 Br/(cm.rpan), ¢ = 0,6 kJ[x/(xr.rpan), ¢’= 0,52 kJlx/(xr.rpax), a = 0,07 cm*/c, T, =
3010°C, Ty = 1520°C, A =0,67) 3a Takux ymoB onpominioBanHs: E =5 JIx, 1= 500 mxc, do = 102 cm,
D=1,6 cm, F =10 cm, AF = 0. IlopiBHATH Mix cO000 OZlepKaHi Pe3yJIbTaTh Ta OLIHUTH 1X 3 TIO3UIIIH
TOYHOCTI TIEPEIBIIICHHS.

Jliteparypa gogatkosa [7]

89

Tema 5.2. IIpoextyBanns pexumis JIPO 3a ananiTHYHUMH MOJEJISIMU
PozpaxyHOK pesxuMiB 00pOOKHM KBa3icTalliOHAPHUM IMITYJIbCOM: cxema (hopMyBaHHs JTyHKH; BHXiIHA
TETJIOBa MOZETIb; YACTKOBI pillIeHHs Jisl 3a1a4a (POpMYBaHHS HETTMOOKUX MOPOKHUH, ISl TITHOOKHUX
OTBOPIB, JUIS MNIMOOKKX MWJITHAPUIHUAX OTBOPIB, IS TITMOOKHUX IMIIIHAPUYHUX OTBOPIB Y 3arOTOBKaX i3
TETIONIPOBITHIX MaTepiaiB.
Metox 06poOKH MMOPOKHUH ITyIKaMH BUTIPOMIHIOBAHHS B YaCTOTHO-IMITYJILCHOMY peknMi. Cxema
%OpMYBaHHH JIYHKH.

iteparypa: 6azosa —[1]; [2],
3apnanns Ha CPC: Po3paxyHKOBI MOJETi MPOEKTYBAaHHS PEKHUMIB Ja3epHOT 00pOOKH OTBOPIB i3
1/IBUIICHOIO SKICTIO pe3ynbraTiB (3a Steffen’om). 3a paXyHOK SIKUX IOMYIIEHb JOCSITHYTO aHATITHIHE
PpilIeHHSI PIBHSIHHS TEIUIONPOBITHOCTI HATPiBY 3arOTOBKH JIA3€pHUM ONPOMIHIOBaHHAM. YnM
BiJIPI3HSIOTHCS PEKUMH 0OPOOKH “““TTaAKUM™~ IMITYJIbCOM OTBOPIB ¥ TOHKHX 3arOTOBOK, TITHOOKUX
OTBOPiB, OTBOPIB LWJIIHAPUYHOI MOB3J0BXKHBOI (POPMH, Ta OTBOPIiB y TEIUIONPOBIHMX MaTepianax?
BusHauuTy pexxumu 06po6ku mynku giamerpom 107 cm Ta raubunoro 0,05 ¢M y 3aroToBi 13 JaTyHi
JIC59 (L, = 5,1 xJIx/xr, T, = 2500°C, Ty, = 1230°C, k = 1,17 Br/(cm.rpan), a = 0,34 cm*/c, p = 6,2.107
KI/CM’) OJTHUM iMITYJThCOM BiNbHOT renepantii (BI'), sikuit MokHA MPUIHATH SIK “KBa3iCTALOHAPHHUIL” Py
inTencuBHOCTI onmpominrosarHs I < 10° Br/em?. 11]o 3MiHUTECS Y pesKUMax OMPOMiHIOBAHHS, AKIIO BUKOHATH
BUMOTY (hopMyBaHHS OTBOPY IHIIHIPUIHOT hopmu?
JlitepaTypa nogatkosa [7]

Tema 5.3. JocnigaxeHHs Ta MoJeJ0BaHHA onepaunin JIPO
ExcriepuMeHTanbHI METOIN TIPOSKTYBAHHS OIIEPAIlii Ta3epHO1 po3MipHOT 00poOKH/
ExcriepuMeHTanbHI METOIH BUOOPY PEKUMIB 0OpOOKH: 0THO (haKTOPHI METOIM TOCIIKEHB TIPOIIECY;
METOJMKA aKTUBHOTO 6araTo(aKTOPHOTo €KCIIEPUMEHTY ISl BASHAYEHHS PEKUMIB JIa3epHOI 00pOoOKH.
Kiracudikaris ¢akxTopiB 3a KepoBaHICTIO Ta MIHIHBICTIO. OTIISAI METONIB paHXyBaHHS KEPyEMHX
%aKTopiB.

iteparypa: 6asosa —[1], [2],




3apnanns Ha CPC: Metonnka oqHO(QaKTOPHUX EKCIIEPUMEHTAIBHUX JOCIIKEHb MPOoIiecy Ja3epHoi
00po0OKu oTBOpPiB. HaBecTH (y AKiICHOMY HOJIaHHI) pe3yIbTaTH BIUIMBY ITapaMETpPiB IMydKa
BHUIIPOMIHIOBAHHSI Ta YMOB 0OPOOKH Ha PO3MipH OTBOPIB (IiaMeTp Ta HOnHY ). OCHOBHI BUCHOBKH T10
pe3ynbTaTax 0JHO (PaKTOPHUX AOCHIIKEHb: MOKIIUBICTH BHOOPY PEXXUMIB 00POOKH Ta KepyBaHHS
npouecoM. /laHi MaTeMaTHYHOTO MOJEIIIOBAHHS MIPOLIECY 3a MU pe3yJIbTaTaMu: iX MPUHHATHICTD AJIS
NPOCKTYBaHHS OIeparliil.

BuzHauuTH 3a rpadikaMu eKCIIepUMEHTATBHIX 0JTHO (PaKTOPHHX JOCTiKEHD PEXKIMH 00pOOKH OTBOPIB
nmiamerpom 0,3 MM Ta rarOuHOO 1,5 MM y 3aroToBii i3 cTaini 45 32 YMOB OHO IMITYJILCHOTO Ta OaraTo
IMITYJIbCHOTO OIIPOMIiHIOBaHHS. YN MOXKIIMBO pillIeHHs 0araTo KpuTepialbHUX 3a/1a4 32 JOIOMOI0I0 IUX
JaHuX.

JlitepaTypa mogatkosa [7]
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Tema 5.3. Jocaigxenns ta MmojaeaoBanus onepauiii JIPO (moxoBixeHHs1)
ExcnepuMeHTaJbHI MeTOIM NPOEKTYBaHHS onlepauiii JazepHoi po3MipHoi 00pooku (1)
ExcniepuMeHnTansHi MeToan BUOOPY PEKUMIB OOPOOKHU: OJTHO (BaKTopHi METOJI! JTOCIIIPKEHB TIPOIIECY;
METO/IMKA aKTUBHOTO 0arato)akTOpHOTO EKCIEPUMEHTY J1JIl BASHAYEHHS PEXHUMIB JIa3epHOi 00pPOOKH.
Knacudikamiss gakTtopiB 3a KepoBaHICTIO Ta MIHIMBICTIO. OIS METONIB PaHTyBaHHS KePyeEMHUX
(axropis.
AHaIi3 3Ha4HOCTI BIUIMBY (haKTOPiB MPOIIECY Ha PO3MIpHI pe3ysbTaTi 00poOKku. Metonuka,
eKCIIepUMCEHTAIbHI TUTAHH, PAHKUPOBOYHI PSAAN KEPYEMUX (PaKTOPIB IO iX BIUIMBY Ha MOTICPEUHY Ta
TIOB3I0BXKHIO (hOpMY TTOPOKHUHH, HA TOYHICTE OOPOOKH.
Jlitepatypa: 6a3oBa — [lﬁ), [2],
3asgannas Ha CPC 1: O6rpyHTYBaTH HEOOX1MHICTH 0arato (hakTOpHOI METOAMKH JOCTIIKEHD MPOIIECiB
Ja3epHoi po3MipHOI 06POOKH, SIK €MHOI B yMOBaX CKJIaJHOI B3a€EMOJIii 6ararbox (pi3nYHUX Ta XiMiYHUX
SIBHLI Yy 30HI ONpOMiHIOBaHHs. ETanu nocmipkeHs B yMOBaX 3HAUyIIOTO AiSIHHS BEJIHMKOI KiTBKOCTI
(akropis. ExcriepuMeHTaNbHI TUTAHH, SKI €)EKTHBHI 3 EKOHOMIYHUX Ta YaCOBMX MIpKyBaHb Ha eTarli
nepeIUIaHyBaHHS eKCIIEPUMEHTIB. Y MOBH BUKOPUCTaHHsI KOMIIPOMICHHUX IJIaHiB bpoackkoro,
METO/MKA 1X T0OYA0BH IS OJiep KaHHs MOJIeJi IIPOLIECY 3 BU3HAUCHUM ckianoM. Jloriune
00TpyHTYBaHHS HA00pY (haKTOPIB, SKi BKIIFOYAIOTHCS A0 MOCTYIHOBAHOI MO ITPOIIECY.
CKJ1acTH IJIaH eKCIIEPUMEHTY Ha eTarli epelIUIaHyBaHHS ISl TAKUX YMOB:
- HacuueHud mad tuny JI®E as oninku e(heKTUBHOCTI JIMIIE JIHIHHUX WICHIB JJIs TPHOX
(hakTOpiB: eHeprii, KyTa po3XOMKEeHHS Ta (DOKYCHOI BiCTaHI POKYCYIOUOl CHCTEMH;
- KOMITPOMICHUH TUTaH JUTSE MOJIEITI IPYTOTO MOPSAKY 3a YMOBH 3HAUYIIOI Jii JTHIHHIX,
KBaJ[paTHYHMX Ta MAapHUX €PEeKTiR VCix (’nar]:mnin 3 menmiM:
el

¥=a,+ Iax; + Tagx, + T a;Xx;,

, iml O R
JIe: X| — CHeprisi BUIPOMIHIOBAHHS, X2 — TPUBAIICTh IMIYJIBbCY, X3 — KYT PO3XOJKEHHSI ITyUYKa
BHITPOMIHIOBAHHSI.
PamxupoBoYHMH psiA BIUIMBY KEPYEMUX (aKTOPiB Ha PO3MipHI OKa3HUKHU MPOLECY JiazepHOi 00poOKH
OTBOpIB: AiaMeTp Ta IMUOMHY AJIS1 HEHACKPI3HUX OTBOPIB Ta IiaMeTp BXiAHOI Ta BUXiTHOI YaCTHH — JJIS
HACKPi3HUX OTBOPIB.
Jlitepatypa: 6a3oBa —[1],
3apnanns Ha CPC 2: Metoanka oqHO(paKTOPHUX EKCIEPUMEHTAILHUX JOCHTIHKEHb MPOoLecy Ja3epHoi
00poOku oTBOpiB. HaBecTy (y sIKiICHOMY MO/aHHI) pe3yJIbTaTh BILTUBY apameTpiB MydyKa
BUIIPOMIHIOBAaHHSI T2 YMOB OOpOOKHM Ha po3Mipu OTBOPIB (AiaMeTp Ta rauouHy). OCHOBHI BUCHOBKH 110
pe3yibTaTax oJHO (PaKTOPHUX TOCITIIKEHb: MOXKIIMBICTE BHOOPY PEXHMMIB 00pOOKH Ta KEpyBaHHS
npouecoM. /laHi MaTeMaTHYHOr0 MOJEIFOBaHHS IPOLIECY 3a IUMHU pe3yJIbTaTaMu: iX NPUHHATHICTD AJIs
MIPOEKTYBAHHS OIepartiil.
BusnaunT 3a rpadikaMu €KCIIEPUMEHTAIBHUX OHO (PaKTOPHHX JOCIIUKEHb PEXKUMH 00pOOKH OTBOPIB
nmiamerpom 0,3 MM Ta TIHOMHOIO 1,5 MM y 3aroToBIi 13 cTaii 45 32 yMOB OJIHO IMITYJIBCHOTO Ta 6araro
IMITYJIBCHOT'O OITPOMIHIOBaHHS. YN MOXKIIMBO pillIeHHsI 0araTo KpUTepiallbHUX 3214 3a JIOTIOMOTOI0 X
JaHUX.
JlitepaTypa mogatkosa [7]
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Tema 5.4/ Nochaimxenns Ta MoaeoBanHs onepauiii JIPO (mogos:kenHs)
ExcrnepumMeHTaIbLHi METOIM IIPOEKTYBAHHS onlepailiii 1a3epHoi po3MipHoi 06podku (3)
SKicTh pe3ynbTariB 00poOKHU; BpaXyBaHHS ITi]] Yac POCKTYBAHHS PEKUMIB BUMOT JIO BiITBOPIOBAHOCTI
pe3ybTaTIiB, AKOCTI MOBEPXHI, CTaHy MPHJIETIIOTO J0 MOBEPXHI Mapy Martepiany. Bumorn 10 KyToBux Ta
IPOCTOPOBUX XaPaKTEPUCTHUK ITy4Ka BUIIPOMIHIOBAHHS.
Hti)TepaTypa: 6azoBa —[1], [2],
3apgannas Ha CPC: [Toka3HUKH SIKOCT1 OTBOPIB MIiCJIS JIa3epHOI 00pOOKHU. SIKOI0 BEITMUNHOIO 3pYUHO Ta
1H(QOPMATHUBHO OMHUCYBATH HECTAOITBLHICTH PO3MIPIB OTBOPIB B YMOBaxX Apel ]y piBHSI HACTPOUKH?
PamxupoBodnuil paa (pakTopiB IPOLECY M0 iX BIVIMBY HA IIOKA3HUK BiJATBOPIOBAHOCTI PO3MIpiB OTBOPIB.
[Ipuknan npoekTyBaHHS onepalii BUTOTOBIECHHS cepli HACKPi3HUX OTBOPIB 3 HOPMOBAHOIO TOYHICTIO
03MipiB 3 BAKOPUCTaHHSAM MaTeMaTUYHOI MOJIENi poLecy 0OpoOKu.
iTepaTypa goaatkona [7]
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Tema 5.4. IlpoextyBanus pexumis JIPO. OnHo kpurtepianbHi 3agayi/

[IpakTiKa BUKOPHUCTaHHS €KCIIEPUMEHTAIBHOTO ITPOSKTYBAHHS

[Ipuknan mpoekTyBaHHS omepatii Aj1s 1a3epHOoi po3MipHOTI 00poOKK OTBOPIB 3aJaHOTO PO3MIpY.
Jliteparypa: 6azosa - [1]; [2],

3apnannd Ha CPC: Cxitactu HaOip (3 TpbOX) (aKTOpiB, sKi HAHOLIBII 3HAYyILE BIUINBAIOTH HA!

- pO3MIpH HEHACKPI3HUX OTBOPIB;

- PpO3MipH HACKPI3HOTO OTBODY.

IIpuBecTr pHUKIaa MMOBHO (GaKTOPHOTO TUIAHY JUISI IUX (aKTOPiB, BUBHAYNUTH HEOOXITHY KUTBKICTh
eKCIIEpUMEHTAIBHUX TOUOK. Ha sikux piBHAX Tpeba (ikcyBaTH 3aJIMIIKHU 3HAUYIINUX (PAKTOPIB ISt
OJIepKaHHS HAWMEHIINX 110 PO3MipaM OTBOPIB.

Jliteparypa: 6azoBa — [1], [2I|),




Tema 5.4. IIpoexktyBanns pexumiB JIPO. OnHo kputepiaibHi 3aga4i (IOIOBXEHHS).
[puknan npoexTyBaHHs oneparii 00poOku MpodiTbHUX OTBOPIB.

[puknan Budopy pexumiB 00poOKH MOPOKHUH 3 3aJJaHOI0 TOUHICTIO. [IpoekTyBaHHs onepariiii 3
ypaxyBaHHSAM BHMOT 0 SIKOCTI IIONIEPEYHO]I Ta IOB3J0BXKHBOI (POpMHU MOPOKHUH. MOKINBICTH
BHUTOTOBJICHHS TMTOPOXKHIH 13 3aJJaHUMH BiTXWIICHHSIMH ITOB3I0BKHBOTO TIPODIITIO.

Jlitepatypa: 6a3osa - [1], [2],

15 | 3aBmanns na CPC: ®opMyBaHHs y3arajbHEHOT0 MOKa3HUKA BiIXUIIEHHS AIHCHOT ITOB3IOBKHBOT (pOpMHU
OTBOpIB BiA 3agaHoi Ijisi HOr0 BUKOPUCTAHHS 3 METOIO IOLIYKY ONTHMAJIBHOTO PEXUMY
00poOKH. PamKUpOBOUHHWE DSl BIUIMBY KepyeMHX (DaKTOpIB MpOLECY Ha y3aralbHeHWH MOKa3HHK
SIKOCT1 (hopmHu.

PozpaxyBatu koediltieHT Bapiatii po3mipiB OTBOPIB MiciIs T1a3epHOi 0OPOOKH, SIKIIO TI0JIE PO3CISTHHS iX

JiaMeTpiB He MEePEBUIILY€ T0JIe JOMYCKY 9 KBaJliTeTy, a HOMiHANbHUH po3Mip — 0,08 Mm.

Jlireparypa: 6asosa —[1], [2],

Tema 5.5. IlpoexTyBanns pe:xxkumis JIPO. bararo kpurepianbni 3agaui

Onrumizanis onepanii gasepHoi po3MipHOi 06poOKH.

VY3aranpHeHa QyHKist 6axkanocTi. [Ipuknan ontumizanii oneparii 1a3epHoi 00poOKH KOHIYHUX OTBOPIB

13 3aJ1aHOF0 TOYHICTIO Ta MAKCHMAJIBHOIO MPOAYKTHBHICTIO. METOIN MepeTBOPEHHS

0araToKpuTepialIbHUX 32/1a4 B OJJHOKpiTEpiaibHi (METO/] HEBU3HAUCHUX MHOKHHUKIB Jlarpanixa,

mTpapHUX QYHKITIH).

Jliteparypa 6azoBa — [1], [2]

3 apnanHs Ha CPC: YoMy OaratokpuTepiallbHICTh 3a/1ad MPOEKTYBAaHHS TEXHOJOTIYHUX Omepariiit
16. 17 | 71a3epHOi 0OpOOKH CIIOHYKae A0 BUKOPUCTAaHHS €KCNEPUMEHTAJIbHUX MeToiB onrumizauii? Hlmsixu

’ NIOJIOJTaHHS 0araTOKpUTEPIabHOCTI Ui CIPOIICHHS ONTUMIi3amiiHuX 3anad. [IoHATTS y3aranbHEHOT
¢GyHK1ii 6axkaHOCTi. AJTOPUTM EKCIIEPUMEHTATIBHOTO METOIY ONTUMI3aIlil 3 BUKOPUCTAHHAM (QyHKIIIH
baxarocti. HaBectn mpuxmanu hopMyBaHHS MUX QYHKITIH.

CrpoeKTyBaTH TEXHOJIOTIYHY OIeparilto jazepHoi 0opooku otBopiB [10,4H12 koHiuHOI hopmu (3
KoHyconozioHicTio 0,4 MM) y 3arOTOBKaX KOPITYCiB iH’ €KIIIHHAX TOJIOK 3aBTOBIIKK 3 MM. TpuBalicTh
orepallii He TOBUHHA IIepeBULIYBaTH 25 ¢. MaTepialn 3arotoBku - naryds JIC59 (L, = 5,1 x Ix/kr, Ty =
2500 °C, T = 1230°C, k=1,17 Bt/(cm.rpan), a= 0,34 CMZ/C,) =6,2.10" Kr/CM3). Buxopucraru nani
eKCIIePUMEHTAIBHUX JOCITIIKEHB 110 MOEIIOBAHHIO MPOIiecy 00pOOKH TaKUX OTBOPIB.

Jlireparypa nomarkosa [7, 8]

Tema 5.6. [IpoexTyBaHHS peXKMMIB TEXHOJOTTUHUX ONepaniil MpH iX OLIHII 32 OaraTbMa KpUTEPIIMH.
Mera: BuzHaunT Ta 3acBOITM  alIrOpPUTM HPOEKTYBaHHSA CKIaJHUX TEXHOJOTIYHMX 3ajadyl
EKCIIEPUMEHTATbHUMU METOAaMH

3apnanns Ha CPC: CknacTy miiaH eKCIEpUMEHTY Ha eTarli TiepelTuIaHyBaHHs Uil TAKUX YMOB:

- HacuueHu# 1wiaH tamy JIPE mnsa omiHku ePeKTUBHOCTI JHINE JTiHIHHAX WIEHIB I TPhOX (haKTOPIB:
eHeprii, KyTa po3XoKeHHs Ta (JOKYCHOI BiIcTaHi (OKYCyHO4O0l CHCTEMU;

- KOMITPOMICHUH IIaH AJsl MOJEJi APYTOro MOPSAAKY 32 YMOBH 3HAUyIIoi Aii TiHIHHUX, KBaAPaTUIHUX T4
napHuX eeKTiB ycix (pakTopiB 3 mepIIIM:

17 _ n n 2 n

y=a,+ 2a;x; + >a;X; + X a;X/X;,

i=1 i=1 i=2

ne: X1 — eHeprisi BUIPOMiHIOBaHHS, X2 — TPUBAIICTD IMITYJIbCY, X3 — KYT PO3XOKEHHS ITy4YKa
BUITPOMIHIOBAHHS.
PamxupoBoyHHH psifi BIUIMBY KEpYEMUX (PaKTOPiB HA PO3MipHI TOKa3HUKH
IpOIIeCy J1a3epHOT 0OPOOKH OTBOPIB: AiaMeTp Ta TTIUOUHY JUIS
HEHACKPI3HUX OTBOPIB Ta JiaMeTp BXiTHOI Ta BUXITHOI YaCTHH — IS
HACKpI3HUX OTBOPIB.
Jlireparypa: 6a3osa —[1], [2],
Tema 5.7. Hepexxumai Mmetoan migsumieHHs sskocTi JIPO.
Meta: Po3podka 101aTKOBUX MeTOAIB Ta 3ac00iB B1ockoHadeHHs TO, 0co0,14B0, y BUIAAKAX
BiJICYTHOCTI pillleHHs1 6araTOKpUTEPiabHOCTI HE PEKUMHUM HUIIXOM. CTIpOIIeHHS 3aBIaHHS HIISIXOM
BUKJIFOUEHHS HEIOCATHYTOTO KPUTEPilo 3 000B’I3KOBUX MOKA3HUKIB Ta JOCATHEHHSI BUKOHAHHS BUMOT

18 | upOro mMoka3sHMUKA TEXHOJOTTIHUMH «XHTPOIIAMID)
3apnanns Ha CPC: CripoOyBaTy 3HaWTH PillIeHHS IS MiABUIIEHHS] TOYHOCTI 00POOKH, PO3MIpiB
00poOMIOBATIEHOTO €IEMEHTY, ToIo. HaBecTn nprkiaan croco0iB Ta 3aco0iB BIUTMBY Ha SKICHI pe3yibTaTu
JIPO. OmiHNTH MOITMBOCTI Ta I[iHy KOXHOTO 3 HHX, SIKIIIO BOHU OY/IyTh..

Jliteparypa: 6azosa —[1], [2]..

18 | 3anixoea xkonmponvna poboma

Ipaxmuuni 3auamms

OCHOBHI 3aBIaHHSI IIUKITY TPAKTUYHUX 3aHAThH

L[I/IKJ'I MPAKTUYHUX 3aHATb Ma€ LIiJ'IJ'IIO SaKpiHHCHHH TOJIOBHUX TEM OCBITHLEOTO KOMIIOHCHTY, SIK1 3aCBOEHO

TeopeTHYHO. B 3B’s3Ky 3 THM, II0 TOJIOBHUM HOTO 3aBJIaHHSIM € HaJIaHHS 3HaHb i YMiHb BUOOPY €()EeKTUBHOTO
MeTOJy OOpOOKH, BIajOi TEXHOJOTIYHOI CXEMH oIlepamii Ta BH3HA4YEeHHS HEOOXiHOTO 3a MpH3HAYEHHSM ii
TEXHOJIOTIYHOTO OCHAILICHHS.

[HmmM 3aBHaHHSAM 3aHATH € HATOAHHS YMIHHS 3aXHUCTy pPO3pO0OK, TSI YOT0 HAWOILIBIN BIami Ta

npanes3/iaTHi pillleHHs, sSIKi CTBOPEHI CTYICHTaMH, IMiJBEpPraloThCs aHali3y Ha MAaTeHTHY YHCTOTY 3 METOIO

oopMIleHHS 3asBKH Yy BIAMOBiAHY IHCTaHIiIO A7 O(QOPMIIEHHS TOKYMEHTY IHTEIEeKTYalbHOI BIIACHOCTI
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(maTeHTy Ha BUHaXig a00 KOPUCHY MOJICTH).

Ta6mmms 3. Temu IpakTUIHUX 3aHATH

Ne 3/

Hazsa Temu MPAKTUYHOI'O 3aHATTS Ta nepeniK OCHOBHUX ITUTaHb

Tema 1.1 Anauti3z MoKJIMBOCTel eJiIeKTPo-(izuKo-XiMiYHIX MeToAiB 00p0oOKHN MaTepiaJiB
(EOXMOM).

Mera: BusnauyeHHs anpiopHHX OONacTell BHKOPUCTAHHS KOXKHOTO 3 HHUX, MEXH iX PO3MIpHHX,
SKICHUX Ta IHIIMX MOXIHBOCTeW. [IOpiBHSHHSA 3 MOXIMBOCTSAMH OIEpaliid Jla3epHOi 0OpoOKH 3a
PO3MIPHIMH MOKITMBOCTSIMH, SIKICTIO 00pOOKH, TIPOTYKTUBHICTIO Ta COOIBAPTICTIO.

JlitepaTypa: ocHoBHa [1, 2] nogaTkoBa [8]

3asoanna na CPC: OUIHUTH SKICHO MOMJIMBOCTI KOXXKHOTO 3 METOAIB OOpOOKM Ha NpHKIami
(hopMyBaHHS CUCTEMH 3 YOTHUPHOX OTBOPIB miameTpom 0,1 MM, sSKi po3TamioBaHO y KyTax KBajaparTy i3
croponoto 0,5 MM. 3aroToBKa — JIMCTOBUH MaTepial i3 KOHCTpYKIiHHOT kepamiku 22XC TOBIIMHOIO
0,5 Mm.

Tema 1.2. ®opmyBaHHS 00IPYHTOBAHOI0 BHCHOBKY PO NepeBard 00paHoro BUAY TeXHOJIOTIN.
MeTta: BusHauuTu piBeHb MOKa3HUKIB JIa3epHOT po3MipHOi 00pOOKH, SKi OIIHIOIOTH ii MOYKJIMBOCTI B
MOPIBHSHHI 3 BIZIOMHMH, B TOMY YHCJIi 3 MEXaHOOOPOOKOIO

Jlitepatypa: ocHoBHa [1, 2] nogaTkoBa [8]

3asdanns na CPC: OOrpyHTYBaTH 3pOoOJCHHH BHOIp NIUIIXOM aHAi3y MOMKIHUBOCTEH Ja3zepHOI
00pOOKH CHCTEMH 3 YOTHPBOX OTBOpIiB miamerpoMm 0,1 MM, sIKi pO3TalIOBaHO y KyTaxX KBajpary i3
croponoto 0,5 MM. 3aroToBKa — JIMCTOBUH MaTepiall i3 KOHCTpYKUiiHOI kepamiku 22XC TOBIIMHOIO
0,5 Mm.

Tema 2.1. YUepena eTanis BILIMBY JIa3ePHOro IPOMeHsl HA MaTepia 3aroTOBKH. IX KiibKicHa Ta
SIKiCHA 3aJIe5KHICTh BiJl mapaMeTpiB ONPOMiHEHHSI 0CTAHHbOL

Meta: Bu3HaunTi MOXKIUBICTD JOCSTHEHHS KOXKHOTO 3 €TaIliB JAisHHS IIPOMEHsI Ha MaTepiall 3ar0TOBKH|
KEPYBaHHSIM MPOLIECOM ONPOMIHEHHS MapaMeTpamMH MPOMEHS, BIACTUBOCTSIMH MaTepialy 3aroTOBKH,
YMOBaMH OMNPOMIHEHHS. 3aJeXHICTh BHAY [TiSHHS BiJ TemIo(i3WYHUX BIACTHBOCTEH MaTepiany)|
3arOTOBKH, CTaHY ii MOBEPXHi, KyTOM ITa{iHHS MPOMEHS Ta JTOBKUHOIO XBHJIi BUIIPOMIHIOBAHHS.
Jlirepatypa: ocHoBHa [1, 2] nogaTkoBa [8

3asoanna na CPC: : HaBecTn He3aJeHI Ta KOMIUIEKCHI MapaMeTpH ITy4Ka BHIIPOMIHIOBaHHS Ta
3B'I30K MK HUMH. SKi Temao¢i3nuHi BIAaCTUBOCTI MaTepiany 3aroTiBKH BILUIMBAIOTH Ha XapaKTep Ta
pe3yabTaTH HisHHS MPOMEHs Ha 3aroTiBKy. BuzHaunTu 3acoOu mapaMeTpHYHOTO KEPyBaHHS IIyYKOM
BUTIPOMiHIOBaHHS/]

Tema 2.2. Buau BIJIMBY ONPOMiHEHHSI HA MaTepiaj 3aroTOBKM B 3aJI1€KHOCTI Bij i BJacTuBocTei
TA XapaKTePUCTHK MPOMeHI0./

MeTta: HaBecTu eTanu B3aeMO/i1, sKi XapakTepHi JUld BUCOKUX PiBHIB IHTEHCUBHOCTI (OijIbIle, HixK
10° Br/cm?). BibuTTs Ta MOTIMHAHHS TPOMEHEBOI €HEprii MOBEPXHEIO 3ar0TOBKH. UMM BH3HAYAETHCA
piBeHb Koe(illieHTY MOTIMHAHHA? 3aKOH MOTNMHAHHS byrepa: 00’eMHUI Ta MOBEPXHEBUH XapakTep
TIOIJIMHAHHSA Ta 3B’ A3aHUM 3 MM BMJ PyHHyBaHHs MaTepialy 3a paxXyHOK Horo meperpisy. SIki 3 Tppox
BUAIB HarpiBy Marepialy IIy4KOM Ja3epHOTO BHIIPOMIHIOBaHHS MOXKHA BHKOPHCTOBYBATH IS
po3MipHoro opmoyTBOpeHHs? Bubparu Ta 00TpyHTYBaTH THI Ja3epa,

Jlitepatypa: ocHoBHa [1, 2] nogaTkoBa [8]

3asoanns na CPC: HaBecTn He3anekHi Ta KOMIUIEKCHI TTapaMeTpH ITydKa BUIIPOMIHIOBAHHS Ta 3B'SI30K
MK HAMH. SKki Termodi3wvHi BIACTHBOCTI MaTepially 3aroTiBKH BIUIMBAIOTh Ha XapakTep Ta
pe3yJbTaTH TiSTHHS MPOMEHS Ha 3arOTiBKYy IIpH PI3HUX TeMIiepaTypax ii moBepxHi. BuznaunTu 3acobu
napaMeTPUYHOTO0 KepyBaHHsI MyYKOM BHUIIPOMIHIOBAaHHS/

Tema 2.3. IlLlnsixu KepyBaHHS pe3yJbTATAMU JIa3ePHOr0 ONPOMiHeHHsI Bil HATrPiBaHHS MOBEPXHi
3aroTOBKH 10 peaJisalii KepOBaHOI0 TEPMOSIAEPHOI0 CHHTE3Y )
h%eT%: ITpoBecTn aHami3 KEpOBAHOCTI PO3MIPHUMH Ta SKICHUMH XapaKTEPUCTHKAMH pe3yJbTaTiB
00pOOKH.

Jlitepatypa: ocHoBHa [1, 2] nogaTkoBa [5, 8]

3asoanna na CPC: Ouinnta MoxiuBocti JIPO BiHOCHO MOKa3HHUKIB 0OpOOKH OTBOpIB (JIyHOK). SIKi
napaMeTpH 3aroTIBKH IMOBHHHI OyTH BpaXxOBaHI IPH MPOSKTyBaHHsS TexHodoriynoi onepauii JIPO. Sxi
IUISIXM KEPYBaHHS TEXHOJIONIYHOIO OIEpalicro HeOOXiaHO BMKOPMCTOBYBAaTH Ul BUKOHaHHA T3 Ha
oTIepallio.

Tema 3.1. YMoBM Ta ajnropuT™M NPOEKTYBaHHS TeXHOJIOTiYHOI omepanii jJa3epHoi po3mipHol
00pooku (JIPO)

Mera: TexHOJOriYHI CXeMH omepamiid J1a3epHOi pO3MipHOI OOPOOKM MIKpO €JIEMEHTIB 3aroTOBKU
(JTyHKH, OTBOPH, TIa3H1 Ta IIUTHHH).

Jlitepatypa: ocHoBHa [1, 2] nogaTkoBa [5, 8]

Tema 3.2. AIropuT™M NPOEeKTYBAHHA TeXHOJOTiuHoI onepauii JIPO

3acobu hopmyBaHHS 00pOOIIOBAILHOTO iIHCTPYMEHTY i3 JIa3epHOTo NMpoMeHst. Etanu pe3oHaTopHOTO

Ta 1032 PE30HATOPHOTO MiATOTOBICHHS JIA3EPHOTO TIPOMEHS JUIsI HOTO ITePETBOPCHHS.
3asoannsa na CPC: OnTHYHI €IEMEHTH JIJIsl TIEPETBOPSHHSI MPOMeHs B iHCTpyMeHT. KaycTuka J1a3zepHoro
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IMPOMCHA

Tema 4.1 TexHomnoriuni cxemu omnepariii GopMyBaHHS OTBOPIB METOAOM TpeNaHallii Tila 3ar0TOBKH.
CxeMu hOpMOYTBOPEHHS TITUOOKUX OTBOPIB 3 MAJIMIM ITOTIEPEKOM

Merta: PexxriMu ra3onazepHOTro BHPi3aHHsI OTBOPIB BEIMKOTO po3Mipy. Peaizarlisi ra301a3epHOTO pEKUMY)
y PO3MIpHil 00poOIIi TITHOOKUX OTBOPIB.

Jlitepatypa: ocHoBHa [1, 2] momaTkoBa [5, 8]

3asdanns na CPC: 1llo Take 0OpoOka y “nmanbpHiii” 30HIi: SIKI OTBOPU 32 MOIMEPEYHUM 3pi30M MOXKHA
00pobutH y “maneHiit” 30Hi. BuOpaTn, HakpecauTH Ta po3paxyBaTH OITHYHY CHCTEMY AT o6p061<1/1
KinbieBoi mopokauHu 10 MM mupuHoro 0,1 MM My4YkoM BHIIPOMIHIOBAHHS Jla3epa Ha IpaHaTi
niamerpom 10 MM Ta 3 KyroBuM posxomkeHHsAM 0,005 pan. TIpuifHATH MOKa3HUK MEpeTOMIICHHS]
MaTrepialy ONTHYHHX €JICMEHTIB piBHHA 1.5

Tema 4.2. Cxemu 00poOKU MOYHUX MA OMBOPIE CKIAOHO20 NPOQINIO0 8 MOHKUX 3A20MOBKAX, HAHO
MexHON02II.

Mera: Meronu ynpaBiIiHHS HOB3IO0BKHBOIO (POPMOIO MOPOKHUHM BIUIMBOM Ha TOB3HOBXKHIM Mpodish
TIPOMEHS.

Jlirepatypa: ocHoBHa [1, 2] nogaTkoBa [5, 8]

3asdanna na CPC:: Tlpoekuifina cxema 0OpOOKM OTBOPIB CKJIaaHOi (OPMH y TOHKHMX 3arOTOBKaXx.
HobynyBarn ontuuHy cucteMy st (GOpPMyBaHHs Iy4Ka JIa3epPHOTO BUIPOMIHIOBAHHS CKIAHOIO
MOIEPEYHOro MPOLIO Ta KOHIEHTpAUii #Oro eHeprii Ha MOBEPXHIO 3aroTOBKU. Bubparu Tum Ta
HAKPECIUTU ONTUYHY CXEMy JJIsl NPOEKLilHii 00poOKM BikHA KBaJgpaTHOI momepednoi dpopmu 5050
MKM Y IUTiBUI 3 XpOMyY 3aBTOBLIKK 10 MKM Ha MOBEPXHi CKIHOT ITACTHHKK. BunpominioBay Ha py6iHi 3
JOBKHHOK XBUI A = 0.6943 MKM, AiaMeTpoMm myuka 5 MM 3 KyTtom posxomkerts 0,003 pan. Ckiactyl
CXeMY aKTUBHO-TIPOEKIIHOT ONTHYHOT CHCTEMH IS BUKOPUCTAHHS 3 JIa3epOM Ha Tapax Milli, SIKUi Mae|
Koe(IIEHT MACUIEHHsST aKTUBHOTO cepemopuma o, = 102 cm-1

Tema 5.1. BukopucranHs aHUTITHIYHAX MoJieliel HOPMOYTBOPEHHS OTBOPIB JIa3ePHUM ITPOMEHEM IS
MIPOTHO3YBAHHS PE3yJIbTATIB TEXHOJOTTYHHIX OTIepallii.

Merta: [lopiBHSHHS pe3ynibTaTiB Bifl pi3HUX MOAEIEH]

Jlitepatypa: ocHoBHa [1, 2] nogaTkoBa [5, 8]

3aedanns_na CPC: TIOpiBHSIbHI XapaKTEPUCTUKH PO3PAXyHKOBHX PE3yJBTATIB IPOTHO3YBAHHS
omepalii oOpoOKM OTBOpIB 3a aHATITUYHHUMU MOJENSMH, NPHYMHMA HEIOCTaTHbOI TOYHOCTI
PO3paxyHKIiB.

Po3paxyBatu pexumu o0poOku oTBOpiB B 3aroTiBui i3 cram 18X2H4BA (Lu = 8100 xlx/kr, p =
7,8.10-3 kr/em3, k = 0,3 Br/(em.rpan), ¢ = 0,6 k/[x/(kr.rpaxn), ¢’= 0,52 k/Ix/(kr.rpax), a = 0,07 CM2/c
Tu =30100C, Ton = 15200C, A = 0,67) 3a Takux YMOB onpOMiHIOBaHHsI. E =5 Ix, T= 500 Mkc, dO =
10-2 em, D = 1,6 cMm, F = 10 cm, AF = 0. IlopiBHATH MiXk CO00K0 OJ€pKaHi PE3YIbTaTH Ta OLIHUTH iX 3
MO3HIII TOYHOCTI MepeBiIeHHS.

Tema 5.2. IlpoekryBaHHs pexuMIB (OPMyBaHHsS OTBOPIB B METAICBUX BUPOOAX 33 NMPHUOIMIKECHHMH
PIIIEHHAMH PIBHAHHSA TEIUIONPOBiAHOCTI. [TepeayMoBH X BUKOPUCTaHHS.

Mera: BukopucranHs pitieHb piBHSAHHS TEIUIONPOBIAHOCTI ISl IPOCKTYBAHHS PEXKUMIB TEXHOIOTTYHNX
oreparii

JlitepaTypa: ocnoBna [1, 2] nonaTkosa [5, 8]

3asoanns na CPC: llnax pimenHs (IpuOIM3HOro) Jud. piBHAHHS TEMIONPOBIAHOCTI 1JI OTPUMAHHS
aHAJIITHYHUX PIBHSHB JUIS IPOCKTYBAHHS PEXKHMIB y BHIIAIKY TOHKHX 3arOTOBOK, IIHOOKHX OTBOPIB,
uan)z[quan OTBOpiB, 00poOKa OTBOPIB y TEIUIOMPOBITHUX MaTepianax (3on0To Mifb, aTIOMIHIH
TOIIO

Tema 5.3. [lpoexrysanns pexumis JIPO. Oxno kputepianbhi 3anadi. MonemoBatHs mporecy o0poOKu
pO3MipHUX eneMeHTIB 3a ianaMu [1DE. Panrosi AlarpaMu 1 IMOKa3HUKIB TEXHOJIOTTYHUX orepartli.
Mera: [IpoexTyBaHHS pEXUMIB TEXHOJIOTTYHUX ONEpaLiil U iX OLiHLI 3a 6araTbMa KpUTepisiMu
Jlireparypa: ocHoBHa [1, 2] nopaTkosa [5, 8]

3asoanuna na CPC: Etammu ,I[OCJ'II,Z[)KGHB B YMOBax 3HAYyIIOrO MiiHHA BEJMKOI KiNBKOCTI (haKTOpiB.
ExcnepuMenTanbHi miaHM, SKi eQEeKTMBHI 3 EKOHOMIYHMX Ta 4YacOBMX MIipKyBaHb Ha eTami
NepeAILIaHyBaHHSA eKCHe‘pI/IMCHTlB

Tema 5.5. [lociimkeHss Ta MoaeaoBaHHs onepaitiit JIPO.

Tema: IPE — npuHIMOH isIHHS Ta MicLe Ta MeTa 3aCTOCYBaHHS.
Jlirepatypa: ocHoBHa [1, 2] nogaTkosa [5, 8].

3aedannsn na CPC: Tloka3HUKH SKOCTI OTBOPIB IMICIIS JIa3epHOT 00pOOKHU. SIK0I0 BEMMINHOIO 3PYUHO T4
iHpOPMATHBHO OMHCYBaTH HECTAOUIBHICTH PO3MIpiB OTBOPIB B YyMOBax npeﬁ(by piBHS HaCTpoﬁKI/I‘7
PamxupoBOUHMH sl ¢axTopiB IpoLecy Mo iX BIIMBY HA IOKA3HHK BIATBOPIOBAHOCTI PO3MipiB
orBopiB. IIpukiax mpoekTyBaHHs Omepailii BUTOTOBICHHS Cepii HACKPISHUX OTBOPIB 3 HOPMOBAHOIO
TOYHICTIO PO3MipiB 3 BUKOPHCTaHHAM MAaTeMaTU4HOI MOJIeJli IpoLecy o0poOKu

Tema 5.7. Hepexxumui Mmetou mifgsuiieHus sxocti JIPO.

Meta: Po3po0dka 10aaTKOBUX MeTOAIB Ta 3ac00iB BHockoHaaeHHs TO, 0co0.1uB0, y BUIaIKaX
BIJICYTHOCTI pillleHHs 6araTOKpUTEPiaIbHOCTI HE peXXUMHUM IIIsIXoM. CIpOIeHHS 3aBIaHHS UITXOM
BUKJIFOUEHHSI HEIOCATHYTOT'O KPUTEPiI0 3 000B’SI3KOBUX ITOKA3HUKIB Ta TOCATHEHHS BUKOHAHHS BUMOT
LBOT'0 TTOKA3HUKA TEXHOJIOTIYHUMH «XUTPOIIIAMUIY

Jliteparypa: 6a3oBa —[1], [2],:

3asoannsa na CPC: CipoOyBaTu 3HalTH pillIeHHs IS T BHILICHHS TOYHOCTI 00pOOKH, pO3MipiB
00pOOITIOBATIFHOTO EIIEMEHTY, TOoIT0. HaBecTr nprkiiamy crioco0iB Ta 3ac0o0iB BIUIMBY Ha SIKiCHI pe3yJIbTaTH
JIPOe OmiHUTH MOKIIBOCTI Ta I[IHY KO>KHOTO 3 HUX, SIKIIIO BOHH OYAYTh..
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5.3.Jlabopamopni 3anamms

OCHOBHI 3aBAaHHS ITUKITY TAOOPATOPHUX 3aHATH MOJIATAIOTH Y MPAKTHYHOMY 3aKPITUICHHI TOJIOBHUX
TEM HaBUYAIBHOI JUCIUILIIHY, SIKi BABYCHO TEOPETUYHO. B 3B 513Ky 3 THM, 1110 1OT0 TOJIOBHUM 3aBIaHHSIM
€ HaJJaHHS 3HaHb Ta YMiHb IIPOTHO3YBaHHS PE3yJIbTATIB Ta MPOSKTYBAHHS TEXHOJOTIYHOI onepariii, To BCi
1ab0opaTopHi pOOOTH MOB’SI3aHO 3 LI€I0 TiSUTBHICTIO (axiBIIsl.

Ne . KinmpkicTs aym.
Hasga naboparopHoi podoTtu A
3/ TOIUH
1 | IIporHo3yBaHHS pe3yJbTaTiB TEXHOJOTIYHOI ONepallii Ta MPOSKTYBaHHS PEXKUMIB 8
Ja3epHOI po3MipHOT 00pOOKH 32 aHATITHYHHMHU METOJIAMH, OIliHKA SKOCTI
npoekTyBaHHsA. HaBuansHmii mocioHuK 1 10 poboTu:
2 | IIpoexTyBaHHS PEKUMIB JIa3€PHOT pO3MIpHOT 00POOKH EKCIIEPUMEHTATbHUMU 8
Metosamu. HaBuaneHuii mocionuk 1 10 podoTH:
3 | OdopmieHHS pe3yIbTaTiB eKCIEPUMEHTIB, 00po0OKa (PaKTHIHOTO MaTepially, BUCHOBKH 2
PO SIKICTh aHAMITUYHHUX MPOTHO3HHUX Mojenel mpornecy JIPO, 3axuct pobit

6. Camocriiina podoTa cTyaeHTa

CamocriiiHa po6oTa (48 roj.) CTyJAeHTa MOJATae y MATOTOBIN 0 JICKIIHHUX, TPAKTUYHKUX 1 Ja00paTOPHUX
3aHATH IUISIXOM ONPALFOBaHHS PEKOMEHIIOBAHOI JIITEpaTypH 1 MArOTOBILI BiAMOBiAEH Ha KOHTPOJIbHI 3allUTaHHS
JUISL JIEKUiH 1 7a00paTOpHUX 3aHATH, MIATOTOBKH A0 MOIYJIBHOI KOHTPOJIBHOI POOOTH, BUKOHAHHS PO3PaxyHKOBO-
rpagiuHoi poboTH, a TAaKOX y MiArOTOBII 70 3aIiKy (6 ro.).

.. Hopma yacy Ha | TepmiH
o Kinbkictb .

Bua camocTiiHOi pob0TH cTyaeHTa roaMH niaroToBKy, yacy,

roa. rog.
MiaroToBKa A0 NEKLiN Ta 3aCBOEHHS A04aTKOBUX NUTAHb 36 0.3 10
MiarotoBKa A0 NPaKTUYHUX POGIT 18 0.5 9
MNigrotoBka g0 nabopatopHux pobiT Ta onpautoBaHHSA 18 1 18

pe3ynbTaTiB

Migrotoska o MKP 1 2 2
MiarotToBKa 40 3a/iky 1 6 6
Nigrotoska PIP 1 10 10
Bcboro 48

IosniTnKa Ta KOHTPOJIb
7. IoJaiTHKa HABYAJLHOI AUCHUILTIHA

IIpaBuaa BigBinyBaHHS 3aHATH

1. TIlpomymieHe JeKIiifHE 3aHATTA HEOOXIMHO MNPOJUBUTUCH 3a JonoMoror 3amucy ZOOM,
3aKOHCIIEKTYBAaTH OCHOBHI ITOJIOYKEHHS, BUKOPUCTOBYIOUH MaTepianu po3MilieHi BukiagadeM B Google Classroom
(3a mocunanHsaMm https://classroom.google.com/c/NjUzODEwMTg3MjE0?cjc=yaquuyuy ).

2. IlpakTu4HI 3aHATTSA MPOBOIATHECS B KOMIT IOTEPHOMY Kiaci Kadeapu. Y pasi MpOmycKy MpPaKTHIHUX
3aHATH HEOOXIHO MONEepEeIUTH BUKIIAada 1 Ji3HATUCH PO MUBIXH BiANpaIoBaHHs. Jl0MyCKaeTbesi BUKOPUCTAHHS
BIIACHUX HOYTOYKIiB. Y pa3i NUCTaHIIMHOTO HABYaHHSA, CTYACHT IOBWHEH 3a0e3MednTd cede MepCcoOHATLHUM
KOMIT FOT€POM 3 JIOCTYTIOM JI0 iHTePHETY.

3. Y pasi crhi3HeHHS Ha Mapy, CTYyJCHTY HEOOXIJHO, HE 3aBa)kalouu IHIIKM, 3alTH B KJac, 3aiHITH CBOE
micne. KopucryBatich MOOITEHIM TeleOHOM MOXKHA TUTBKH 3 T03BOJIY BHKJIaAada. 3ByK MOOLIBHOTO TenedoHa
MMOBUHEH OyTH BUMKHEHUH. Y pa3i BAXIMBHUX BXiTHUX J3BIHKIB HEOOXITHO CIIUTATH J03BOJY BHKIaJIa4a, BUATH B
KOPHUIOD i IPOBECTH PO3MOBY TaM.

4. KopuctyBartucst MOOLTBHUMHE Telle()OHAMH i1 Yac CKIaAaHHs eK3aMeHY HE TO3BOJISAETHCA.

5. Jlo ek3aMeHy JOMYCKAalOThCsS CTYJCHTH, SKi BUKOHAIM YCI MPAKTHYHI 3aBIaHHS Ta 3/alMd MOJYJIbHY
KOHTPOJIEHY pO0OOTY.
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6. KortpoibHi poOOTH Ta 3alliK IPOBOAATHCS 32 OKPEMUMH TPABUIIAMH sIKi BUKJIagad TIOBUHEH JOBECTH IO
CllyXadiB Ha MOMEPEIHbOMY 3aHSTTI 1 fKi 3ajexarb Bif GopMH MpoBeAeHHs HaBuaHHs. J{o 3aliKy JOMyCKaloThCs
CTYACHTH, SIKi BAKOHAITM YCi MPAKTUYHI 3aBaHHS Ta 37a]i MOJYJIbHY KOHTPOJIbHY pOOOTY.

7. B yCiX iHWKMX NUTAHHA CAyXay NOBUHEH KepyBaTtuca pasunamm BHYTPIWHBLOro po3nopagky Kl

im. Iropa CikopcbKoro Ta [MonoxKeHHAM Npo akagemiyHy gobpodecHictb KIl im. Iropa CikopcbKoro
8. Bunu KOHTpOITIO Ta peUTUHIOBA CUCTEMA OIIHIOBaHHS pe3yJibTariB HaBdaHHs (PCO)

KoHTposnbHi 3ax0/1u:

1. IToroyHut KOHTPOJIb: BUKOHAHHS MPAKTUYHUX 3aBAaHb, MKP
2. Kanennapuuii KOHTPOJb: MPOBOJAMTHLCS JBiUi Ha CEMECTp SK MOHITOPHHT MOTOYHOTO CTaHy BUKOHAHHS
cuadycy.
3. CeMecTpoBUil KOHTPOJIb: 3alTiK.
Pelimuneosa cucmema ouiniosanns pe3yibmamie HAGUAHHs CMYOeHmis
Bua xonTpoJio Kinbkicts | . Ma.KCHMaH?Ha MaKc."MaﬂbH.a
KiJIbKicTh 0ay1iB Ha 1 | KiJbKicTh 0aJjiB
BukoHaHHS IPaKTUYHUX 3aBJAHb 6 4 24
JlaGopaTopHi poboTn 2 12 24
MKP 1 30 32
PP 1 20 20
Bceboro 100

1. PeWTHWHr cTymeHTa 3 HaBYAJILHOI AMCIHMIIIHA PO3PAaXOBYETbCs BUXOASdH i3 100-0ampHOT IIKaH.
PefiTunr (IpoTSATOM CeMecTpy) CKIaqaeThes 3 0alliB, MO CTYACHT OTPUMYE 3a:
poOOTY Ha IpaKTHYHKX 3aHATTX (18 3aHATH);
BHKOHAHHS 1abopaTopHUX pooiT (2 podoTn);
BHUKOHAHHSI MOJYJIbHOT KOHTPOJIBHOT poboTH (1 podoTa);
BHKOHAHHS PO3paxyHKoBo-rpadiuHoi podoTu (1 podoTa).

2. KpuTtepii HapaxyBaHHS OaJliB:
2.1. PoGoTa Ha NPAKTUYHHUX 3AHATTAX:
— aKTHBHA TBop4Ya poOoTa — 4 6anau X 6 =24;
— po0oTa 3 MO3UTHBHUM pe3yabTaToM — 3 6aJ X 6 =18;
— macuBHa pobota — 0 6axis X 0.
2.2. BukoHaHHs J1a0OpaTOPHUX POOIiT:
JIab. poGoTa Ne 1:
— Oe3moranHa pobora —12 6aJiB;
— € TICBHI HEJOJIKH y MiATOTOBII Ta/a00 BUKOHAHHI poOoTH —9-10 6asris;
— po0OoTa He BUKOHAHA a00 HE 3aXHICHA — HE 3apPax0OBaHo.
Jla6. poboTa Ne 2:
— OesmoranHa pobota — 12 6anu;
— € [IeBHI HEeJIOIKY Y MiAroToBII Ta/abo BUKOHaHHI pobotn — 9-10 6aJtiB;
— poOoTa He BUKOHaHa a00 He 3aXHINeHA — HE 3apax0OBaHo.

2.3. BukoHaHHSI MOIYJIbHOI KOHTPOJILHOI po6oTn (MKP):
— IpPaBUIIFHO BUKOHAaHA poboTa — 32 faJiB;
— poOOTY BUKOHAHO 3 HE3HAYHUMHU MTOMIIIKaMU — 26-28 0aJtiB;
— po0OTYy BUKOHAHO 31 3HAYHUMH moMuiTkamMu — 18-20 6asiB:
— poOoTy He BUKOHaHO a0o0 € rpy0i MOMHIKK — HE 3apax0BaHo.

2.4. BuxoHnanHs po3paxyHkoBoi po6oru (PP):
— TBOpPYO BHKOHaHa pobota — 20 6aiB;
— poOOTYy BUKOHAHO 3 HE3HAYHUMH HemomikamMu — 16-18 faJtis;
— poOOTY BUKOHAHO 3 IEBHUMH MoMuikamu — 12-14 6aiB:
— po0OOTy He BUKOHAHO a00 € Tpy0i MOMHIIKK — HE 3apaxOBaHo.
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R=ru+ 1+ ruxp+ rere =24 + 24 + 32 + 20 = 100 0auis.

3. YMOBOIO O3UTHBHOTO MEPUIOro KAaJeHJAPHOro KOHTPOJIIO (Ha § TH)KHI) € OTpUMAaHHS HE MEHIIIE
11 6axmiB Ta BUKOHAHHSA NIEPIIOi 1a00paTOPHOI poOOTH (Ha Yac aTrecTarii).

4. YMOBOIO ITO3UTHBHOTO APYTOr0 KAJEHIAPHOI0 KOHTPOII0 (Ha 14 THKHI) — OTpUMaHHS HE MCHIIIE
22 6aJiB, BUKOHAHHS NIepIIoi 1abopaTopHoi poOOTH Ta EpIOro eTary Apyroi podoTH (Ha Jac aTecTarlii)
3a YMOBU IIOJaHHSA Uit KOHTporo PT'P.

5. YMOBOIO JOITYCKY A0 3aJliKy € 3apaxyBaHHs BCix J1abopatopaux pooit, PI'P.

CryneHtu, ski HaOpand MOPOTATOM CeMecTpy HeoOXigHy KiibkicTe OamiB (R>60 MaroTh
MOXJTUBOCTI:

- OTpUMAaTH 3aJIKOBY OIIHKY (3aJiK) TaKk 3BaHUM «aBTOMATOM» BiJIIOBIHO 0O HAOPaHOTO PEUTHHTY;

- BUKOHYBATH 3aJIiIKOBY KOHTPOJIbHY POOOTY 3 METOIO TiIBUIICHHS OLIHKH;

-y pa3i OTpUMaHHS OIIHKU OLTBIIOI, Hi’)K «aBTOMAaTOM» 3 PEUTHHTY, CTYACHT OTPUMY€E OIIIHKY 3a
pe3yNbTaTaMH 3aJ1iKOBOI KOHTPOJIbHOT pOo0OTH;

-y pa3i OTpUMaHHs OIiHKYA MEHIIO1, Hi’K «aBTOMaTOM» 3 peUTHHTY (< 60 OaitiB), monepeaHiid peHTHHT
CTYZAEHTA 3 JUCUUILTIHA CKACOBYETHCS, 1 BIH OTPUMYE OLIIHKY TiIBKH 3a pe3yJIbTaTaMH 3aJiKOBOT KOHTPOJIBHOT
pobotu.

Slkmio peWTHHT CTyIeHTa JeXuTh MeHmie 3a 60 OanmiB BiH 3000B’S3aHUII BHKOHYBAaTH 3alliKOBY

KOHTPOJIBbHY POOOTY.

6. Ha 3a1iky cTy/IeHTH MOBHHHI BUKOHATH ITMCHMOBY KOHTPOJIBHY POOOTY a0 AaTH YCHY BiAIOBiAb.
KoxHe 3aBaaHHS TIOBMHHO YTPUMYBAaTH TPU TCOPETHYHHX 3alMTaHHS (3aBIJaHHS) 1 OJHE MPaKTUYHE.
Koxxne 3aBmanHs ckmageHo 3 I[lepenmiky 3anutaHb A0 3aliKy 3 HaB4ajdbHOI aucuurniind. KoxkHe
3aMuTaHHs OIIHIOEThCS y 20 0aJiB 32 TAKUMU KPUTEPisIMHU:

— «BiAMiHHOY», TTOBHA BiAMOBiAb, He MeHIIe 95% noTpiOHOI iH(OpMaIllii, 0 BUKOHAHA 3TiTHO 3 BUMOTaMHU
10 PiBHS «yMiHb», (TIOBHE, OE3MIOMUIIKOBE pO3B’A3yBaHHA 3aBAaHHs) — 20 6aiB;

— «Iy:Ke A00pe» Maiike MOBHA BiAMOBiAL, HE MeHIIe 85% moTpiOHOI iHoOpMalii, 110 BUKOHAHA 3TiTHO 3
BHMOTaMHU JIO PiBHS «YMiHbY, (TIOBHE, OC3ITOMUIIKOBE O3B’ I3yBaHHs 3aBnaHHsd) — 19 6aiB;

— «ao0pe», JOCTaTHHO TOBHA BIAMNOBiIL, HE MeHIIe 75% mnoTpiOHOI iH(popMaIlil, 0 BUKOHAHA 3TiITHO 3
BUMOTaMH JI0 PiBHS «yMiHb a00O € He3Ha4Hi HETOYHOCTI (ITOBHE PO3B’S3yBaHHS 3aBJaHHs 3 HE3HAYHHMU
HeToYHOCTsIMHU) — 17-18 GautiB;

— «3a/I0BUJILHO», HEMOBHA BIAMOBiAL, He MeHIIe 65% moTpiOHOI iH(opMallii, 10 BUKOHAHA 3TiAHO 3
BHMOTaMH JI0 «CTEPEOTHUITHOTO» PIBHS Ta JesKi MOMWIKH (3aBJaHHSI BUKOHAHE 3 IEBHUMH HEIOJiKaMH) —
15-16 6auis;

— «I0CTATHHLO», HEMOBHA BIAMOBiAbL, He MeHie 60% moTpiOHOT iH(popMallii, MO BUKOHAHA 3TiAHO 3
BHMOTaMH JI0 «CTEPEOTHITHOTO» PIBHA Ta JIesSKI OMUJIKH (3aBJaHHS BUKOHAHE 3 MIEBHUMU HEHOJIKaMH) —
12-14 6auis;

— «HEe3aJ0BLIBLHOY», BIAMOBIIb HE BiIOBIIa€ YMOBaM J0 «I0CTaTHHOY», MeHIIIe 60% — He 3apaxoBaHo.

Psanix = 20x4 = 80 0amiB
7. Po3paxyHOK LIKaJdu CEMECTPOBOIO PEUTHHIY:

* Jus momycKy MO 3ajiiKy CTYyACHTH ITOBHHHI 3aXHUCTHTH JlabopaTOpHI poOOTH Ta BHUKOHATH
i 3axuctutu P’P.
8. 3aoxouyBaibHI Oanu 3a (He OutkIe 10% Bif 1 111 KOXKHOI TPYIIN):
® y4acTh y GaKyIbTETChKIN ONMITIai 3 JUCITHILIIHH;
® MojepHi3allis JabopaToOpHUX POOIT;
®  BUKOHAHHS 3aBJaHb i3 yIOCKOHAJICHHS TUIAKTHYHHX MaTepialliB 3
JTUCIMILIIHN HafaeThes Bifg 5 10 10 3a0Xx0dyBaibHUX OaiB.
9. Cyma 6auniB 3a PP Ta 0aniB 3a 3a1iKOBy KOHTPOJIBbHY POOOTY IEPEBOANUTHCS A0 3aJIIKOBOI OLIHKH 3TiJHO 3

TabJIMLIEIO:
banu Oriaka
100...95 BigMminHO
94...85 Hyxe nobpe
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84...75 Jobpe
74...65 3a10BUIEHO
64...60 HocraTHpo
Mewnnre 60 Hes3anosusHO
CraproBwuii peiiTuar Mmertmre Hix 0,5 rc (26 6amiB).
€ He 3apaxoBaHi nabopaTopHi pobOTH 200 He He nomymieno
3apaxoBaHa PP

9. lonatkoBa iHpopManis 3 TMCHUILTIHA

MNepenik 3aBaaHb 0o CPC BMAOAETHCA CTyAEHTaM Ha NOYaATKy CemecTpy, YiTKO NOBiAOMAAIOTLCA
BMMOMM A0 CaMOCTIMHOI pPob6oTH, CTPOKU 1i BMKOHAHHA, nNpaBuaa OPOPMAEHHA, KpuTtepii
PEUTUHIOBOrO OLiHIOBAHHSA.

Bci nMTaHHA, BUHECEHi ANA CAMOCTIMHOIo ONaHyBaHHA, CTYAEHTU MaloTb 0POPMAIOBATU Y BUTNAL
cTUcnoro KoHcnekty. flata 3gadi CPC noBiAOMAAETLCA HA MOYATKY cemecTpy.

banu 3a penTMHroBOK CUCTEMOI MPOCTaBAATLCA Yy Kamnyci B po3aini MOTOYHUIA KOHTPOSb,
pe3ynbTatM artectauii B po3aini  Atectauif. Ek3ameHauiMHa BigOMIiCTb CTBOPHOETbCA i
3anoBHIOETbCA B Kamnyci, gocTyn A0 Hei iCHYe ynpoAoBX AHA eK3ameHy (BMMpaBAEeHHA i
nepesgaya HaCTYMHOroO AHA He AONYCKalTbCA).

3acobu 3milwaHoro HaB4YaHHA. [pU BMBYEHHI AaHOI AMCUMNAIHM CTYAEHTU NOBUHHI CaMOCTIMHO
NPONTU KOMN'IOTEepHEe TeCTyBaHHA ANA NepeBipKM CBOIX 3HaHb NPW NiAroToBLi A0 MOAY/bHOI
KOHTPO/IbHOI poboTu. [lpn BMBYEHHI AaHOI AUCUUNAIHM BUKOPUCTOBYHOTbLCA HaBYa/IbHi
NOCIOHWKM, APYKOBAHUM | eNeKTPOHHMI NiAPYYHUK, AKI po3milleHi B classroom.google
CninkyBaHHA 3 BUKNagavem yepe3 WhatsApp ta Viber, enektpoHHy nowrty.

HepeniK 3annuTaHb A0 KOHTPOJIbHUX pO6iT Ta CemecTpoBoOro KOHTpo/io HaBeaeHo B DopaTtkax

ITuTanus I caMOIIATOTOBKY 10 BUKOHAHHA PP momatox A

ITuranus o MKP: nogatox B

[TutanHs 1151 CaMOITIITOTOBKY JI0 CKJIA/IaHHSI 3aJIiKy: 10AaTok C

[Ipuknan TecTy 3a yMOBH CKIIaJaHHs 3aiKy on-line: qonatox D

Po6ouy nporpamy HaBYanbHOI gucuMnaiHu (cunnabyc):

CknageHo: npodecop Kotnapos B.M.

YxBaneHo

Kadeapoto nazepHoi TexHiKM Ta Pi3MKO-TEXHIYHMX MeToAiB 06pobKkM HH IM3 im. €.0. NaToHa (npoTokon
Ne3 Big 08 xoBTHA 2025 p.);

MoroarKeHo:

MeToamnyHoto Komicieto HH IM3 im. €.0. MNaTtoHa (npoTtokon Ne 2 Big, 16. xkoBTHA 2025 p.)
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Hopatoxk A

TemaTnka po3paxyHKOBHX POOIT.

Beryn

Tema. 1. XapakTepucTUKU HETPAAULIITHUX MEeTOAIB PO3MipHOI 00po0KH

1.1. IlopigHsnHs MmexHON02IUHUX MA MeXHIKO-eKOHOMIUHUX NOKA3HUKIB, BUsGIeHHs nepesas ma HedoiKié
nazeproi posmiproi 0opobru (JIPO)

3appanns 1.1

Hasecmu 3azanvni xapakmepucmuxu eieKmpo@izuko-XiMiuHux memooie po3miproi 0opooku. Kinvxichi
00CsI2HeHHsT BIOHOCHO PO3MIPHUX, SIKICHUX MA eKOHOMIYHUX NOKA3HUKI6 KOHKYpeHmHUX mMemodie. Hasecmu mi, 3
SAKUX JA3EPHA PO3MIPHA 00poOKA nepesepulye 00CIeHeH s THuUX memoois. Axi npaxmuyni mexnono2iuni 3a0aui
00pOOKU OMBOPIE BUPIUYIOMbC 3 MEHUUMU GUMPAMAMU (eKOHOMIYHUMU MA MEXHIYHUMU) 3 8UKOPUCHAHHAM
HemMpPaouyitHux Memooie 0opooKuL.

3aBpannsg 1.2

Bubpamu natibinew eexmusnuii. memoo GopmMyeaHHs cucmemu 3 HOMUPbOX OMEOPI8 OlaMempom
0,1mm, sxi posmawiosano y Kymax keaopamy i3 cmoponoi 0,5um. 3acomoexa — nucmoeuii mamepian i3
KoHcmpykyitunoi kepamikuy 22XC moswurnoro 0,5um. Obrpynmysamu 3pobaeHutl 6ubip WiAXoM aHALi3y
MOACIUBOCEL KOHCHO20 3 MEMOOI8 8 YMOBAX NOCHMABLEHO20 3A80AHHS.

Tema 2. @i3n4Hi 0CHOBH Ja3epHOI po3MipHOi 00po0ku. ETanu pyiiHyBaHHA MaTepiany 3aroTOBKH
NMY4YKOM JIa3€PHOI0 BUNIPOMiHIOBAHHS

2.1. Emanu 0isinns 1a3epHo20 npoMeHsl Hd 3a20MO8KY

3aBaanus 2.1
Ananiz  Qizuynux seuwy, K  CYRPOBOOACYIOMb NPOYeC ONPOMIHIOBAHHS 3A20MOBKU  NA3EPHUM
sunpominiosannim. Haeecmu emanu 63aemo0ii, siki xapaxmepHi Ol UCOKUX DIiGHi6 IHmencusHocmi (Oinvuue,
uioie 10° Bm/em?). Biobumms ma noenunamnus npomenesoi emepeii noeepxmeio 3a20moéki. Yum usHawacmocs
pisenb kKoeghiyicumy noerunanns? 3axon noenunanus byeepa: 06 emuuil ma nogepxnesuil xapaxmep nO2IUHAHHSI
ma 36’A3aHull 3 Yum 6uU0 PYUHYEAHHSA Mamepiany 3a paxyHok toeo nepeepigy. Axi 3 mpvox 6udie Hacpigy
Mamepiany nyuKom 1a3epHo20 URPOMIHIOBAHHS MOJCHA BUKOPUCMOBYEAMU OJisi POIMIPHO20 (POPMOYMBOPEHHS?

3aBaanng 2.2.

Bubpamu ma obipynmyeamu mun nazepa, SUNPOMIHIOBAHHA AKO20 MoOdce Oymu e@exmusHo
BUKOPUCAHO 071 AKICHOT 00pobKku omeopie P0,05 mm enubunolo 1 mm y 3a20moeKu 3 KOHCMPYKYItHIL Kepamiyi
22XC. Ha enympiwniti nogepxni omeopy He OONYCKAEMbC wap 3acmueno2o po3niaey. llopienauns nposecmu 3
BUKOPUCMAHHAM DIiBHI8 HOpMOBAHO20 Koeqhiyienmy noz2iunauHa B (Ons kepamiku: k = 0,09 kan/(cm.c.epao), cp
=0,37 kan/(z.epao), T, = 3500°C, L, = 2,6.10° kan/z, au-105 = 30 cm™’, au—105 = 10* cm™).

2.2. Buou ennugy onpominenHs Ha mamepiai 3a20MO6KU

3aBaannsn 2.3.

Onucamu Hazpie ma pyuHy8aHHsI Mamepiany 3A20MOGKU 3a YMOBU ii ONPOMIHIOBAHHS YV DEHCUMAX
imnyabcHoi ma bOesnepepsHoi nodaui enepeii sunpominiosanus. Kinokichuti ckaad npooykmie pyUuHyeauHs
epositinomy ¢haxeni. 3anedxicHicmv ONMUYHUX Xapakmepucmukx ¢axeny (lloco sycmuuu) 6i0 IHMEHCUBHOCMI
ONPOMIHIOBAHHS, mMa  0OMedCeHHs, AKI HeoOXIOHO 8paxoeysamu 3a YMO8 0Oe3NepepeHO20  pPedcumy
onpominiosanis. AKi 060cmoponni 0dMedicen s Ha Yacmomy nooayi iMnyabCie HeobXiOHO 8paAxXo8y8amu 3a yMO8
IMIYIbCHO20 ONPOMIHIOBARHSL OJ1s NIOSUWEHHS edheKmueHocmi onepayii?

2.3. naxu xepysanHs pe3yiomamami, 1a3epHo20 ONPOMIHEHHS]

3aBnanns 2.4.

Busnauumu uacosi xapaxmepucmuxu OnpoMiHIOBAHHSL Y IMAYIbCHOMY PeHCUMi O MAKUx ymos 0opooKu
HEHACKPIZHUX 0MBOPI6 NYUKOM JA3EPHO20 GUNPOMIHIOBAHHA. Mamepian 3azomosku — cmans 18X2H4BA (L, =
8100 rlxc/ke, p = 7,8.107 we/em’), posmipu omeopie dxh: 0,1x1 mm (weuoxicmo pozivomy npooyKmie
pyiinyeanns V = 10° cu/c).

Tema 3. YMOBH Ta aJrOpPUTM MPOEKTYBaHHSI TEXHOJIOTiYHOI onepanii JIPO
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Tema. 3.1. Obcmasunu ma ymogu npoexKmy6eaHHs.
3aBaanus 3.1.

Hasecmu nepenix ¢paxmopis, saKi eniusaroms Ha pe3yibmamu po3mipHoi 0OpobKu 1a3epHUM NPOMeHeM,
PO3ROOINAIOYNU iX HA mi, WO Kepylomb HPOYecoM 63aemMoOlii nyuxka ma 3a20MmoeKu, md mi: 6i0 CMaHy AKUX
sanexcums pezynomam. Knacugikayis posmipuux, AKiCHUX Ma NOKA3HUKIE NPOOYKMUSHOCMI onepayii 06pooKu
0meopis.

3aBaannga 3.2.

Buoinumu 3 nacmynnoeo nepenixy ¢paxmopie mi, wo € ymosamu o0OpobKu, ma mi, wo 0036015I0Mb
cuUCmemMamudno 6NIUBAMU HA NPOYec 0OPOOKU TA3EPHUM NPOMEHEM OMBOPI6 (KiNbKICHI ma AKICHI pe3yibmamu):
eHep2is GUNPOMIHIOBAHHS, MENIOEMKICMb Mamepianry 3a20MosKl, NUMoMa 2yCMUuHa Mamepiary, NOOOB’CEeHICMb
ONPOMIHIOBAHHS, OiaMemp Mma Kym PO3X00JICEeHHs NYYKA UNPOMIHIOBAHHS, WOPCMKICMb NOBEPXHI 3A20MO6KU, il
moswuna y micyi obpobKu, po3nooil iHMeHCUBHOCI y nepepizi NPOMeHI0, 008IUCUHA XBUNI BUNPOMIHIOBAHHS,
memnepamypa niaeieHHs ma eUnapyeanHs, NUMoMA eHepis PYUHYBAHHS U020, AKMUBHICHb N0 BIOHOWEHHIO 00
KUCHIO, a30my, 8y2ieyto, Kym Nao0iHHA NPOMEHIO Ha 3A20MOBK).

Tema 3.2. Aneopumm npoekmysanns mexnonociunoi onepayii JIPO
3aBganusg 3.3.

Hasecmu ancopumm npoexmyeanus onepayii nazepnoi po3miproi obpobku. Memoou ecmano8nienHs.
pedicumMy ONPOMIHIOBAHHSA HA MEXHONO02IYHOMY 001a0HaHHI. 3acobu 000amKo8020 B00CKOHANEHHSA ONepayii.
Busnauennsn exonomiunoi eghekmusnocmi po3pobaenoi onepayii: po3paxyHox MAWUHHO20 Y4AcC)y OJisl eKOHOMIYHUX
OYIHOK.

3aBaanng 3.4.

Pospaxysamu mawunnuii yac ueomosients 00H020 upody 3 1A3ePHOI0 NPOUUEKOIO OMBOPIE 30 MAKUX
YMO8:

- 3A20MOBKA MAE 0OUH OMEIP, AKUU 00POOIAEMbCS O0HUM IMnyibcom mpusanicmio / = 300 mkc;

- 3A20MOBKA MAE CIM 0MBOPIB, KOJHCHULL 3 KOMPUX 00podIEMbC OOHUM IMnyabcom mpusanicmio / = 500

- MKC 3 4acmomoio ix Haoxo0xceuns f = 2 Iy,

- 3a20MOBKA MAa€ 0OUH OMEIp, KUl 06poOIsEMbCA Wicmboma imnyibcamu mpueanicmio300 mxc, aKi
nooaioms 3 wacmomoio 12 I'y;

- 3a20MOBKA MA€E CiM 0MBOPIB, KONMCHUL 3 KOMpUX 00pobisicmvcs wicmvoma imnynvcamu mpusaiicmio 300

Tema 4. TexHosoriuHi cxeMu 00poOKH NMOPOKHUH (0TBOPIB, IIiTHH, Na3iB) pi3HOMaHIiTHOI popMu Ta
po3MmipiB

4.1. Memoou ynpaeninns ¢popmoio nonepexy nopoICHUHU

3aBnanns 4.1.
Axi cxemu 006poOKU nopodicHuH euxkopucmosyroms 6 onepayisx JIPO? [log’socims ix euxopucmauus 3
PO3MIpHUMU Ma 3 POPMOIO NOPONCHUH, a MAKONHC 3 eumozamu 0o ix akocmi. Hasedimv npuxnaou peanizayii
HasedeHux cxem 0Jisi NOPONCHUH RPOCOL ma CKIAOHOL hopmu.

4.2. @opmysanHs ma nepemeopeHHs KAyCMUKU Ry4Ka UNPOMIHIOBAHHSA AK IHCIMPYMEHIMY
3asoannn 4.2.

Onuwims (hopmysants nyuka GURPOMIHIOBAHHS ) PE3OHAMOPI, 11020 NEPEeMBOPEHH MOHKOI ChHEepUUHOIo
ainzoro. Inubuna pizkocmi onmuyHol cucmemu, ii 6nau6 Ha NOB3008ICHIU NPOPDilL OmMeopy: 3a AKOI yMosu
MOdICHA 0OpobUmMU YURIHOPUYHULL omeip? SKumu 3acobamu MOXNCHA ONEePamueHo GNIUEAMU HA NONEpeK md
N0B3008ICHI POIMIPU NEPEMBOPEHO20 NIIH3010 NYUKA SUNPOMIHIOBAHHS?

3asoannsa 4.3.

Bubpamu, nakpeciumu ma po3paxyeamu onmuyHy cucmemy 0as 06podoxu Kinbyesoi noposcHunu 110 mm
wupunoro 0,1 mm nyuxom sunpominiosanus iasepa Ha spanami oiamempom 10 Mm ma 3 Kymogum po3xo0HCceHHIM
0,005 pao. Iputinamu noKa3sHUK nepeioMieH s Mamepiaiy onmudHux eremenmis piguuii 1.5.

4.3. Cxemu gpopmoymeopeHts 2IubOKUX 0meopis 3 MAIUM HONepPeKom
3aeoannsn 4.4.
Hagecmu cxemy obpobku «y oanvuiiiy 30Hi. AKi 3a Xapaxmepucmuxamu omeopu 00poOn0ioms 3a yieio
cxemor? Hum mooicha enaueamu Ha nonepex ma npogiie omeopy 3a yicio cxemoro onpominenusn? Hasecmu
npuxaaou peanizayii 00pobKu omeopie «y OAIbHINY 30Hi.

Axi cneyianvui onmuyHi elemMenmu GUKOPUCMOBYIOMb 01 00poOKuU «) OanvHily 30Hi. Ilpoananizyiime,
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WO 3a6axcac ix WUPOKOMY 3aCMOCYS8AHHIO.
4.4. Cxemu 06poOKU MOUHUX MA OMEOPIE CKAAOHO020 NPOPINio
3aeoannn 4.5.

Yomy 006pobKa mMOUHUX OMEOPI8 BGUKOHYEMBCA 3d ONPOMIHEHHAM «y ORudMCHily 30Hi? AKi ymosu
obmedcyroms it 3acmocysanHs?

Konu suxopucmogyemucs npoexkyitina cxema o6poOKu omeopie cKiaoHoi popmu y MOHKUX 3a20mMo6Kax?
THobyoysamu onmuuny cucmemy 01 QOPMYBAHHS NYUKA AA3EPHO20 GUNPOMIHIOBAHHA CKAAOHO20 NONEPEYHO2O
npo@inio ma Konyenmpayii 1oeo enepeii Ha nogepxwio 3a20moeku. IIopsa0oKk po3paxynky eeomempuunHux ma
ONMUYHUX NAPAMEmpPI8 NPOEeKYItiHOI cucmemu.

LlJo maxe xoumypHo-npoexyitHa cxema 0OpoOKU AK 3aciO ni0GUEHHSA eheKMUBHOCI UKOPUCTNAHHS
eHepeii nyuxKa unpoMiHIO8aHHs?

Lo 0ae suxopucmanns axmueHOi NpoeKyitiHoi cxemu Oas 00pobKu acouHux omeopie Oe3 empam
enepeii?
Hasedimb cxemu konmyproi 06pobxa omeopie cKiaoH020 nepepisy poamipom Oinvuum Hisxc 1 mm.

3aeoannsn 4.6.

Bubpamu mun ma naxpeciumu onmuumy cxemy 015 NPOEKYitiHiti 06poOKU 8iKHA K8AOPAMHOI NoNnepeuHoi
Gdopmu 5050 mxm y naisyi 3 xpomy 3asmoewiku 10 mMKm Ha nosepxui CKIsAHOI naacmuuku. Bunpominiosay Ha
pyoini 3 0osacunoro xeuni L = 0.6943 mxm, oiamempom nyuka 5 mm 3 kymom poszxooicents 0,003 pao. Cxracmu
cxemy AKMUBHO-NPOEKYIUHOI ONMUYHOI cucmemu 0N BUKOPUCMAMHA 3 JA3€POM HA NaApax Mmiodi, akuu mac
Koegiyienm niocunenns akmugnozo cepedoguwa (= 107 cm”.

4.5. Memoou ynpaenints n083008:4CHbOI0 YOPMOIO NOPOICHUHU
3asoannn 4.7.

Axi napamempu 00pobKu (napamempu nyyKa SUNPOMIHIOBAHHSA MdA VMO8 ONPOMIHIOGAHHS) 3HAUYUje
BNAUBAIOMb HA NOB3008XCHIU NPogine omeopy nicis aasephoi 06pooku? 3anexcricmv npo@ino 6i0 63aEMHO20
NONOINCEHHS NYUKA GUNPOMIHIOBAHHS ThA 3A20MOGKU. AKUM YUHOM, 3MIHIOIOYU YMOBU ONPOMIHIOBAHHS, 6NAUBATOMb
Ha no8300861CHill npoghine omeopy?

Axuti memoo onucy8anus CKIAOH020 NPOPINO CUCIEMOI0 B8i0XUleHb 6I0 YUMIHOpuuHoi gopmu?
Mooeniosanns npoyecy 06poOKU excnepuUMeHmaibHUMU Memooamu, sUKOPUCMAKH Mooeell 05 NPOeKm)y8aHH s
onepayii 06pobKku omeopie HeyuniHOPU4HoOL hopmu.

3aeoannsn 4.8.

Ax cchopmysamu yuninopuuny ceimiogy mpyoxy? Ckiacmu, HAKpeCIumu ma po3paxyeamu 2eoMempuiHi
CNiBGIOHOWEHHST ONMUYHOL cucmemu 0151 00poOKU omeopie yuninopuunoi gopmu diamempom 0,2 mMm nyuKom
BUNPOMIHIOBAHHS HE3MIHHUX PO3MIPIE ) MedHcax 3a20mosKku mosujunor 3 mm. Bunpominweau — nazep na pyoini
(L = 0,6943 mxm) — 3 nyuxkom Odiamempom 5 mm i kymom poszxoodicenns 0,003 pao. Pospaxysamu pedxcumu
00pOOKU CUCEMAMUYHOI0 NOCTIO0BHICMIO NIYKIB, AKWO 3a20mosKka eucomosnena i3 aamyni JIC59 (L, = 5,1
kl{oic/xe, T, = 2500°C, T,, = 1230°C, k = 1,17 Bm/(cm.2pad), a = 0,34 cm’/c, > = 6,2.107 ke/ear’).

3aeoanns 4.9.

Axki suxopucmogyromucanllokazHuku aKocmi n083008i#CHb020 NPoinio omeopy nicia iazepHoi oopooxu?
Axi gpaxmopu eusnauaioms ix pisenv? Hasedimb 0CHOBHI napamempu KepysanHs pisHem KOHYCONO0OIOHOCHI,
KLIbKICMIO PO3NAABY, XGUNACMOCHI, WOPCMKOCMI Ma iH. Yum yCKIaOHAEMbCA 0OHOUACHE CKOPOUYEHHS OCHOGHUX
Heoonixie npoinio?

3aeoanns 4.10.

Axoi mendenyii mpeba 0ompumyeamucs, wob 3mMeHuumuy piseHb WopCmKoCmi NOBepXHi CIMIHOK OMBOpY
nics aazeproi 0opobru? Yomy cmanv Y8 maec menwuil pigeHb wopcmkocmi Higie cmanb 45 3a 00Haxoeux
pesicumax 06pooku? Criadime Hauditow egexmusrull Habip napamempis O0isi Kepy8aHHs AKICMIO HOBEPXHI
00pobaenux omeopis?

3aeoanna 4.11.

IHoscuims npuyunu 3MIHEHHA 61ACMUBOCHEN NpU NOGEPX0B020 APy Mamepiany 3a20MO6KU 6
06pobIeHOMy PO3MIDHOMY elleMenmi (Omeip, nas, Wintuna, mowjo). Y axux eunaokax 3miHeHull wap mamepiaiy
Oinst cmMiHOK Oomeopie nicis azeproi 00podKu esadicacmvcs Hebadcanum? Axuil mexunono2iunull napavemp
Haubinbw eénaueae Ha uozo enubuny? Yum eiopisHaromvcs wapu 3miHeHo20 mamepiany y 6yaneyesux ma
nezosanux cmanei? Yu moocna ompumamu egpexm 3miyHeHHS Koavopoesux cniasie? Haeedimv npurkiadu
CMPYKMYpU YuXx wiapie 0Jis HemMemanie (kepamixa, CKio, aimas, mowo).
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Tema 5. MeToau BU3HAYEHHSA PeKUMY JIa3ePHOI 00POOKH NMOPOKHUHHU

5.1. Ilpoenosysanns pesyrvmamis 00poOKU 34 AHATTMUYHUMU MOOETAMU
3asaanng 5.1.

Hasecmu ananimuuni memoou npoenosyeanus pesynomamis JIPO. Ilepesacu ma Hedoniku ix
suxopucmants. Memoou ix nobyooeu: meopis pomiprocmeil, 6anrauc enepeii y 30Hi 00poOKU, heHoMeHON02IUHI
mooerni. [lopienanvHi xapaxmepucmuxu po3paxyHKo8ux pe3yibmamis npocHo3y8aHHs onepayitl 00podKu omeopis,
NPUYUHU HEOOCMAMHbOL MOYHOCHI NPOSHO3IE.

3aBaanng 5.2

Po3spaxyeamu pezynvmamu 06pobxu 3azomoeku iz cmani 18X2H4BA (L, = 8100 xouc/xe, p = 7,8.107
ke/em’, k = 0,3 Bm/(cm.2pao), ¢ = 0,6 klfauc/(ke.2pad), ¢’= 0,52 xlauc/(ke.2pad), a = 0,07 cm’/c, T = 3010°C, T,
=1520'C, A= 0,67) 3a maxux ymoe onpominioganus: E = 5/uc, v = 500 mxc, dy = 10°cem, D = 1,6 cm, F
= 10 cm, AF= 0. [opiensimu mixc co60i0 00epaicani pesyibmamu ma OYiHumu ix 3 no3uyii moyHoCmi
nepeosiuyeHHs..

5.2. llpoexmysanns pesxcumis JIPO 3a ananimuyHumu Mooeisimu
3aBaanns 5.3.

Hasecmu nepedymosu po3pobku po3paxyHKo8ux moolenel NpoeKmy8aHHs Dexcumis jiazepHoi o6poOKu
omeopie i3 nidguweHow sKkicmiwo pesyavbmamis (3a Steffen’om). 3a paxymox skux OonyueHb 00CASHYMO
aHanimuune pilieHHs PIGHAHHA MenIONPOSIOHOCMI HAZSPIBY 3A20MOBKU NA3EPHUM ONPOMIHIOBAHHAM. Yum
BIOPIBHAIOMbCA pedicumu 00poOKu  “2nadkum” IMRYIbCOM OMBOPI6 V MOHKUX 3A20MOB0K, 2IUDOKUX OMBOpIs,
0mMeEopie YULIHOPUYHOT NOB3008ICHLOL hopMuU, ma omeopis y MenIonposioHux mamepianax?

3aBaanng 5.4.

Busnavumu peacumu ob6pobru ayuxu diamempom 107 cm ma enubunoro 0,05cm y 3aeomoeyi i3 ramymi
JIC59 (L, = 5,1 kllorc/ke, T, = 2500°C, T, = 1230°C, k= 1,17 Bm/(cm.epad), a = 0,34 CMZ/C,) =6,2.107° KZ/CM3)
00HUM imnynbcom ginbroi eenepayii (CI), axkuil ModcHa nputinamu Ak “KeasicmayioHapHuil” npu iHMeHCUBHOCHI
onpominiosanna 1 6 10° Bm/em’. Lo sminumvca y pescumax OnpoOMIiHIOBAHHA, AKWO SUKOHAMU BUMO2Y
Gopmysanus omeopy yuriHopuyHoi opmu?

3aBaaHH4 5.5.

B axux mexHono2iyHux BUNAOKAX 3ACMOCOBYEMbCA IMHYIbCHA 00pOOKA 0mMEopie nepioOutHow
nociioosHicmio  niukie (Opyea 3adaua Steffen’a). Hxum uunom Oocseacmvcs peanvbHicmb Maxoi cxemu
onpominiosanna? 3acobu cmabinizayii niukogoi cmpykmypu imnyaecy BT abo cmeopenns pezyaapuoi
Nnocio08HOCMI NiuKie npu besnepepsuill nooaui enepeii HaKayy8anHs aKMUBHO20 cepedosuiyd. 3a paxyHox aKux
ocobaueocmetl y pedicumMax 00epHCAHO PO3PAXYHKOBI Mooeni, adeK8amHi O/ pilleHHs PI3HUX MeXHO02TYHUX
3a0au?

3aeoannsn 35.6.

Busnauumu pescumu obpobru nynxu oiamempom 2.107 cm ma enubunoro 0,15 cm y 3aeomosyi i3 namymi
JIC59 (L, = 5,1 k[{oc/xe, T, = 2500°C, T,, = 1230°C, k = 1,17 Bm/(cm.2pad), a = 0,34 cm’/c,) = 6,2.107° ke/eamr’)
Pe2YIAPHOI0 NOCTIO06HICIIO NIUKIB, SKI NOOAIOMbCSL Y 30HY 00POOKU 3 HE3MIHHUM Nepio0OM HAOXOONCEHHS Ma
cmabinonum pienem inmencuenocmi (I; € 10° Bm/em’? Illsuokicms posnbomy npodykmie nazeproi epo3ii
nputinamu pisnoio 10° cu/c.

5.3. Hocniosxcenns ma mooenosauns onepayiti JIPO
3aBaanus 5.7.

B axux eunaoxax 3acmoco8yemvcs Memoouxa OO0HO (HAKMOPHUX eKCNEPUMEHMATbHUX OO0CTIi0diCeHb
npoyecy naszepHoi 0opobku omeopie. Hasecmu (v sxicHomy nooauui) pe3yiomamu @niugy napamempis nyuka
BUNPOMIHIOBAHHA MA YMO8 00pobKu Ha po3mipu omeopie (Oiamemp ma eaubuny). OCHOBHI BUCHOBKU NO
Pe3yIbmamax 00HO (PAKMOPHUX OOCTIONCEHb: MONCIUBICMb 8UOOPY pedcuMie 00poOKU ma Kepy8aHHs RPOYECoM.
Hani mamemamuynozo mMo0en08anHs npoyecy 3a Yumu pesyibmamamu. ix nputiHamuicms 018 NPOEKmy6aHHs
onepayiii.

3asoanna 5.8..

Busnauumu 3a epagixamu excnepumeHmanvbHux O00HO (QAKMOPHUX OOCRIONCEHb pedxcumMu 0OpoOKU
omeopie diamempom 0,3 mm ma enuburor 1,5 mm y 3acomosyi i3 cmani 45 3a yM08 00HO IMNYILCHOZO MA

19



bacamo iMnyibCcHo20 onpomintoeanns. HYu moociueo piwienus 6azamo KpumepianbHux 3a0ay 3a 00NOMO20H0 Yux
OaHUX.

3aeoannsn 5.9.

Obrpynmysamu HeobXionicmos 6azamo GakxmopHoi MemoouKu 00CaiodNcelb NPoYecie Aa3epHoi po3mipHoi
00poOKU, K €OUHOI 8 YMOBAX CKAAOHOI 83aEMO0IT 6aeamvbox Qi3UYHUX MA XIMIYHUX ABUW Y 30HT ONPOMIHIOBAHHSL.
Emanu docnioocensv 8 ymosax 3Hauywjo2o OiauHs 6eauxoi Kinbkocmi gpaxkmopis. Excnepumenmanvui nianu, sKi
ehekmueHi 3 EKOHOMIYHUX MdA UYACOBUX MIPKY8AHb HA emani neped NIAHYBAHHA eKChepuMermis. Ymosu
BUKOPUCMANHS KOMIPOMICHUX NIAHI8 Bpoocbkozo, mMemoouka ix nobyoosu 0as 00epIHcanHs Mooeii npoyecy 3
BUBHAUEHUM CK1a0oM. Jlociune 00TpyHmyeanns Habopy haxmopis, sAKi 6KIOHAOMbCA 00 NOCMYIbOBAHOI MOOeN]
npoyecy.

3aseoannsa 5.10.

Cxnacmu niamn excnepumenny Ha emani nepeo niany8anHs Oas maxKux ymog:
- Hacuuenul nian muny J®FE Ons oyinku eghexmuenocmi nuuie JAIHIUHUX YJAEHIE OISl MPbOX
gaxmopie: enepeii, Kyma po3xo0dicenHsi ma GokycHoi giocmani pokycyrouoi cucmemu,
- KOMNPOMICHUIL HAAH 0711 MOOei OpPY2020 NOPAOKY 3d YMOBU 3HAUYWOI Ofi NIHIUHUX, K8AOPAMUUHUX
ma napnux egexmis ycix gpaxmopis 3 nepuium:

n n n
2
Y=y Y AN 4D ax+ Yy,
i=1 i=1 i=2

oe: X,— eHepeis GUNPOMIHIOBAHHS, X,— MPUBATICTNG IMIYILCY, X;— KYM PO3XOOIICEHHS NYUKA GUNPOMIHIOBAHHS.
3aeoanna 5.11.

s sicoi yini 6yoyioms pelmuneosi psaou (psod, noOyo0osanull 3a piGHeM pAaHey 6HAU8Y (akxmopy Ha
BIONOGIOHUL NOKA3HUK) BNAUBY KEPYEMUX (DAKMOPIE HA PO3MIPHI NOKAZHUKU Npoyecy 1azepHoi 06poOKu omeopis:
Jdiamemp ma 2nubuHy Ol HeHACKPI3HUX 0meopie ma Oiamemp 6XiOHOI ma UXIOHOI yacmuH — OJisl HACKPIZHUX
omeopis. Hasecmu npuxiad tioco euxkopucmaHus 0jsl NiO20MOBKU eKCHepUMEHmM) 07 MOOeN08AHH NPpoyecy
BULOMOBNIEHHS NOPOICHUH.

3aeoannsn 5.12.

Crracmu Habip (3 mpbox) haxmopis, AKi HAUOLIbW 3HAYYUE BNIUBAIOMb HA:
- PO3MIPU HE HACKPIZHO20 0ME0pPY;
- PO3MIPU HACKPIZHO20 0MEBOP)Y.
Ilpugecmu npuxnad 6azamo axmoprnozo niaHy 01s yux axmopis, eusHauumu HeoOXIOHY KilbKiCmb
excnepumenmanvhux moyvox. Ha axux piensx mpeba ¢hikcysamu 3anuiku 3HA4YWUX Gaxmopie oas 00epiCcanHsl
HAUMeHWUx no po3mipam omeopia.

5.4. Ilpoexmysanns pexcumis JIPO. O0Ho kpumepianvhi 3a0aui
3agoanna 5.13.

AKumu noKasHUKAMU AKOCMI ORUCYIONMb OMEOPU NiCis 1a3epHoi 00pobKu. Ko 8eluduHo0 3pyuHo ma
inhopmamuero onucysamu HecmabilbHiCmMb po3mipie omeopie 6 ymoseax Opelipy pieHs Hacmpouku?
Peiitmuneosuii pso gpaxmopie npoyecy no ix 6niugy Ha NOKA3HUK 8i0MEoprosanocmi posmipie omeopis. Ilpukiao
NPOEKmMy8anHs onepayii 8U20MoO6AeHHs cepii HACKPI3HUX OMB0PI6 3 HOPMOBAHON WOYHICMIO pO3MIDIE 3
BUKOPUCAHHAM MAMEMAMU4HOL Mooeni npoyecy 06pooKu.

3aeoanns 5.14.

30itichumu  cnpoby  cnpoekmygamu  onepayilo  0meopy  CKIAOHOI  N0B83008JCHLOI  opmu
EKCHEePUMEHMANbHUM MemoO0OM 3a 8i0n08IOHO Memoouxow 3 BDE. Yu odepoicano 3a008inbHi pesyivmamu
npoexmyganua? Ak noschumu ompumanui pesyromam? DopmyeaHHs Y3A2aAlbHEH020 NOKA3HUKA GIOXUTEHHS
OiticHOI N0830062CHLOI hopMU OMBOPI6 8i0 3a0aAHOI 0115 11020 BUKOPUCMAHHA 3 MEMOI0 NOULYKY ONMUMATLHO20
peotcumy 06pobku. [na 1020 GUKOPUCIIOBYEMBCA CMBOPEHHS V3A2ANAbHEHO020 MNOKA3HUKA AKOCmi omeopy?
Petimuncosuii pao eniugy Kepyemux haxmopis npoyecy Ha y3aeaibHeHUll NOKA3HUK aKocmi gopmu. Buxonamu
NOWLYK ONMUMATBLHO20 PENCUM)Y 0OPOOKU 34 YUM HOKAZHUKOM.

3aedannsn 5.15.
Pospaxysamu xoeghiyienm eapiayii pozmipie omeopis niciisi 1azepHoi 00podKu, AKU0 noje po3CiauHs ix

diamempie He nepesuwye noie oonycky 9 xearimemy, a nominanvuuit posmip — 0,08 mm. Busnayumu pescum
00pOOKU MAKUX OMBOPIE eKCNePUMEHMAIbHUM MEMOOOM.

5.5. llpoexmysanns peaxcumis JIPO. bacamo kpumepianvhi 3a0adi.
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3aeoanns 5.16.

Tosacuimo, uomy Oacamoxkpumepianvha OYiHKA pe3yibmamy O00poOKU YCKIAOHIOE pillenHs 3a0ayi
NPOEKMYBaHHs. MEXHOI02TUHOT onepayii 1a3epHoi 06poOKu | CNOHYKAE 00 GUKOPUCIAHHS eKCRePUMEHMATbHUX
Memo0dis onmumizayii? Axi gioomi wiisxu noooranHs 6a2amoxKpumepianbHoOCmi 0Jisk CRPOUIeHHs ONMUMI3AYITIHUX
3a0au. [lonamms ysazanvnenoi Qynxyii daxcanocmi. Aneopumm excnepumeHmanrbHo20 mMemooy onmumizayii 3
BUKOPUCMAHHAM QYHKYII Oadcanocmi. Hagecmu npuxiaou gpopmysanmsi yux ¢ynxyii.

3aeoannsn 5.17.

Cnpoexmyeamu mexnonociuny onepayiio nazepnoi 0opobku omeopie [10,4HI12 xowniunoi gopmu (3
KoHyconodionicmrw k = 0,4 mm) y 3aeomosxax xopnycie in’exyitinux 2onox 3aeémoswiku 3 mm. Tpusanicme
onepayii ne nosunna nepesuwyeamu 25 ¢. Mamepian sacomoexu - ramyns JIC59 (L, = 5,1 xllc/xe, T, = 2500°C,
T, = 1230°C, k = 1,17 Bm/(cm. 2pad), a = 034 cm’/c,) = 62.10° wxe/ecm’). Buxopucmamu Oani
EeKCNePUMEHMATLHUX O0CTIONHCEHD NO MOOETIOBAHHIO NPoyecy 0OPOOKU MAKUX OMBOPIE.
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Honarox B
3aBaaHHs1 HA MOTY/IbHI KOHTPOJIBHI po0oTH

Tema 1. XapakTepucTHKH HeTPATULiHHMX MeTOAIB Po3MipHOI 00po0KH.

1.1. IlopiusnHs mexHoI02TUHUX MA MEXHIKO-eKOHOMIYHUX NOKA3ZHUKIG, 8UsGIIeHHS nepedas ma HedoiKie
nazepnoi posmiproi 0opooxu (JIPO)

[

KonTpoanHe 3apnanns Ne 1.1

[IpoananizyBaTH 3araibHi XapaKTEPUCTUKH eJIEKTPOPI3UKO-XIMIYHUX METO/IIB PO3MIPHOT 00OPOOKH.
HaBectn KinbKiCHI JOCSTHEHHS BiHOCHO PO3MIpHUX, SKICHUX Ta €KOHOMIYHHX ITOKa3HHKIB
KOHKYPEHTHHX METOJIIB.

BuainuTu Ti. 3 AKUX J1a3epHa po3MipHa 00poOKa ImepeBepIrye TOCATHCHHS IHITHX METO/TiB.

SIKi mpakTHYHI TEXHOJIOT1YHI 33241 0OpOOKH OTBOPIB BUPIIIYIOTHCS 3 MEHIIUMH BUTpaTaMU
(EKOHOMIYHMMH Ta TEXHIYHUMH) 3 BAKOPHCTAHHAM HETPaJULiHHUX METOIiB OOpOOKHU?

KonTposbHe 3aBnanns Ne 1.2

Bubpatn HaiOoLmbm epexkTHBHUNA MeTOA (GOPMYBaHHS CHCTEMH 3 YOTHPHOX OTBOpPIB miamerpoM 0,1mm,
SKi pO3TalloOBaHO Yy KyTax KBajapary i3 cropoHoro 0,5MM. 3arotoBka — JHCTOBHH MaTepian i3
KOHCTpYKIiHHOI kepamiku 22XC ToBmmHOIO 0,5MM.

OOrpyHTyBaTH 3p0OJeHUH BHOIp NUIIXOM aHATI3y MOMKIIHUBOCTEH KOXHOTO 3 METOMIB B YMOBax
MOCTABIICHOTO 3aBJAHHSI.

Tema 2. ®@i3u4Hi 0cHOBH Ja3epHOi po3MipHoi 00podku. ETanu pyiiHyBaHHA MaTepiajly 3aroTOBKH

NMYYKOM JIa3ePHOr0 BUIIPOMiHIOBaHHS.

2.1. Emanu Oianua 1a3epHo2o npomeHs Ha 3a20Mo6Ky

KonTpoabhe 3apnanns Ne 2.1

[IpoananizyBatn (izuuHi sBHIIA, SIKi CYNPOBOIKYIOTH HPOLIEC ONPOMIHIOBAHHS 3arOTOBKH JIa3€pHUM
BUIPOMIHIOBaHHSM.

HaBecTu eTanu B3aeMoJil, SIKi XapaKTepHi 111 BUCOKUX PiBHiB iHTeHcHBHOCTI (Ginbime, Hixk 10° Br/cv?).
OuiHUTH POk BiAOWTTA Ta MOTJIMHAHHS MIPOMEHEBOI CHEPril MOBEPXHEIO 3arOTOBKU. UMM BH3HAYA€THCA
piBeHb Koe(illieHTYy MOTIMHAHHA? 3aKOH MOTNMHAHHS byrepa: 00’eMHHI Ta MOBEPXHEBHH XapaKTep
[IOTJIMHAHHA Ta 3B’S13aHUM 3 IIUM BUJ PyHHYBaHHS MaTepialy 3a paxyHOK HOTro Ieperpisy.
OOrpyHTyBatu: sIKi 3 TPHOX BHUJIB HArpiBy Marepiaiy ITyYKOM JIa3epHOTO BUIIPOMIHIOBAHHS MOXKHA
BHUKOPUCTOBYBATH ISl PO3MIpHOTO ()OPMOYTBOPEHHS?

KounrtposabHe 3aBganns Ne 2.2

Bubpatu ta oOrpyHTYBaTH THN Ja3epa, BUIIPOMIHIOBAHHS SKOTO MOXKe OyTH €(pEeKTHMBHO BHKOPHCTAHO
st sikicHOT 00poOku otBopiB P0,05MM TmOMHOIO 1MM Y 3aroTOBKH 3 KOHCTpYKiiHIH kepamimi 22XC. Ha
BHYTPILIHI TIOBEPXHI OTBOPY HE AOIyCKAETHCA LIAp 3aCTUITIONO PO3ILIABY.

[opiBHSIHHS TPOBECTH 3 BUKOPUCTAHHSIM DIBHIB HOPMOBAHOTO KoeQillieHTy NOrnuHaHHS B (s
Kepamiku: k =

0,09 xan/(cm.c.rpaxd), cp =0,37 xan/(r.rpax), Tu = 35000 C, Lu = 2,6.103 kan/r, aA=1,06 = 30 cm-1,
aA=10,6 = 104 cm-1).

2.2. Buou enaugy onpoMiHeHHs Ha Mamepian 3a20moeKu

KonTpoJabHe 3aBnanns Ne 2.3

BusHaunTH eranu HarpiBy Ta pyHHyBaHHS Marepially 3arOTOBKH 3a YMOBH ii ONPOMIHIOBaHHS Y
peXUMax iIMITYJIbCHOI Ta Oe3MepepBHOI I0Jadi eHeprii BUIIPOMIHIOBaHHS.

BukoHaTH aHaii3 KUTbKICHOTO CKJIaly POAYKTIB pyHHYBaHHS Y €pO3iHOMY (hakeli.

HaBectu 3a1exHICTh ONTHYHUX XapaKTEPUCTHK (akeiry (oro TyCTHHH) BiJ iIHTEHCUBHOCTI
OTIPOMIHIOBAHHS.

Ski oOMekeHHS HEOOXiTHO BpPaxOBYBaTH 3a YMOB O€3IEPEpPBHOTO PEKHMY OIPOMIHIOBAHHS Ta SIKi
JIBOCTOPOHHI OOMEKEHHSI Ha 4acTOTY TO/avi IMIyJIbCiB HEOOXIIHO BPaXxOBYBATH 38 YMOB IMIYJIbCHOTO
ONPOMIHIOBAHHS JIS TiABUINECHHS ¢EKTUBHOCTI Oreparii?
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Kourtposabhe 3aBanns Ne 2.4

BusnaunTy yacoBi XapaKTepUCTHUKH OIMPOMIHIOBAHHS ¥ IMITYJIECHOMY PEXKHMI TSI TAKHX YMOB
00pOOKH HEHACKPI3HUX OTBOPIB IYYKOM JIA3EPHOTO BUIIPOMIHIOBAHHS:

e MaTepian 3aroToBKH — cTanb 18X2H4BA (L, = 8100 xJx/kr, p = 7,8.107 kr/cv’),
e  posmipu oTBopiB dxh: 0,1x1 MM (IIBHAKICTH PO3ILOTY MPOAYKTiB pyliHyBanus V = 10° cm/c).

2.3. Lnaxu xkepyeanus pe3yibmamamu 1a3epHo20 ONPOMIHEHHS
KonTpoabhe 3aBnanns Ne 2.5

Hagectu nepenik ¢axTopis, sIKi BILIMBAIOTh HAa PE3YJIETATH PO3MIpHOi 00pOOKH JIa3epHUM MIPOMEHEM,
PO3MOALISAIOUH X Ha Ti, IO KEPYIOTh MPOLIECOM B3a€MO/II] MydKa Ta 3aTOTOBKH, Ta Ti, BiJl CTAaHy SKHX
3aJIe)KUTH PE3yJIbTaT.

1. 3pobutu xracudikariro po3MipHUX, TKICHAX Ta MOKa3HUKIB MTPOIYKTUBHOCTI OTepaiii 00poOKH OTBOPIB.
2. JlaTH OIiHKY MOKJIMBOCTI K€pyBaHHS TIOKa3HUKAMH 3a JIOTIOMOT0I0 KePYEMUX (aKTOPIB.

KouTtposanbne 3aBnanns Ne 2.6

Bupinutu 3 HacTynmHOTO Hiepeniky (GpakTopiB Ti, 10 € yMoBaMH 00pOOKH, Ta Ti, IO TO3BOJISIIOTH
CHUCTEMAaTHYHO BILTUBATH HA MPoIec 00pOOKH Ja3epHUM MMPOMEHEM OTBOPIB (KIIBKICHI Ta AKICHI pe3yJIbTaTH):

enepeis BUNPOMIHIOBAHHS,

MENNI0EMHICIMb MAmepiany 3a20Mmo6Ku,

NUMoMa 2yCcmuHa Mamepiainy, no008ICeHiCIb ONPOMIHIOBAHHSL,
diamemp ma Kym po3X00HCeHHS NYUKA GUNPOMIHIOBAHHSL,
WOPCMKICb NOBEPXHI 3020MOGKU;

MOBUUHA 3A20MOBKU Y MicYyi 0OpOOKiL,

PO3NOOIL IHMEHCUBHOCII Y Nepepizi NPOMEHIO,;

008AHCUHA XBUT BUNPOMIHIOBAHHSL,

memnepamypa niasileHHs ma GUNApy8anHs Mamepiany 3a20MmoeKu;
nUMoMa eHepeisi PYUHYS8AHHA MAMepPIany 3a20MOo6KU;
AKMUBHICMb NO BIOHOWEHHIO 00 KUCHIO, A30MY, 8y2leyio;

Kym NAOIHHA RPOMEHIO HA 3420MOBK).

Tema 3. YMOBH Ta aJropuT™M NpoeKTYBaHHS TeXHOJOTiuHoi onepauii JIPO
3.1. Obcmasunu ma ymosu npoeKmy8aHHs.
KonTtpoJbhe 3apnanns Ne 3.1
[Ilo MaeTbes Ha yBa3i MpU BpaXyBaHHI 00CTaBUH Ta YMOB IMPOCKTYBaHHS TEXHOJIOTIYHOI Orepartii?

Ski 00CTaBHHU BPaxOBYIOTKCS IPH PO3POOIT TEXHOIOTIYHOT CXEMH orepartii?
3. Ywui ymMOBHU BU3HAYAIOTh 3MICT Ta pe3yJbTaTH TEXHOIOTIYHOI omeparii?

N —

3.2. . Aneopumm npoexmyegarnus mexnoaoziunoi onepayii JIPO

KonTposbHe 3aBn1anns Ne 3.2

[

[IpoananizyBaTH alrOPUTM POEKTYBAHHS OIepallii Jla3epHOi po3MipHOT OOPOOKH.

2. HaBecT MeTOAM BCTAHOBICHHS PEXHUMY OIPOMIHIOBAHHS Ha TEXHOJIOTIYHOMY 00JaHaHHIO.
3acobu 10JaTKOBOTO BIOCKOHAICHHS OTeparii.

3. BwusHaYNTH MOKa3HUKHN €KOHOMIYHOT €(pEKTUBHOCTI I PO3POOJICHOI oTIepallii: po3paxyHKd MalTHHHOTO

Yacy JUIsl EKOHOMIYHHX OIIHOK Pi3HUX 32 3MICTOM OIepartiii.

KonTpoabne 3aBaanns Ne 3.3
1. Po3paxyBaTu TeXHIKO-€KOHOMIUHHUH MMOKa3HHUK Omepallii - MAallMHHWN Yac BUTOTOBJICHHS OJHOTO
BHPOOY 3 JJa3epHOIO TPOIIMBKOIO OTBOPIB 32 TAKUX YMOB:

- 3020MO6KA MA€E 0OUH OMEIP, AKUU 0OPOOIAEMbCA OOHUM IMNYIbCOM mpusanicmio | =
300mxc 3 enepeiero E = 2 Jic;
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- 3a20MOBKA MAE CiM OMBOPIB, KOINUCHUL 3 KOMPUX 0OPOOAAEMbC OOHUM IMIYILCOM MPUBATICIIO
/ =500 mxc, enepeieto 5 /e 3 wacmomoio ix Haoxooxcenns { = 2 I'y;
- 3aroTOBKa Ma€ OJIMH OTBIp, KWl 0OpOOJIAETHCS MIICThOMA iMIyJbcamu TpuBaiicTio 300
MKC, eHepriero 1 JIk, skl mogaroTh 3 yactotoro v = 12 '
- 3a20MO0BKA MAE CiM OMBOPIB, KOJNHCHUL 3 KOMPUX 0OPOOIAEMbCS WICMbOMA IMIYIbCAMU
mpusanicmio 300 mxc, enepeicto 0,5 i, sixi nooaioms 3 uacmomoro { = 10 I'y.
2. Slka omepartis HaitOIbm eexkTrBHA? [0 € MTOKa3HUKOM e(heKTHBHOCTI OTepartii?

Tema 4. TexHoJsoriuni cxemu 00poOKHU NOPOKHUH (OTBOPIB, LIiTHH, 1a3iB) pi3HOMaHITHOI (popMu Ta
po3MipiB.

4.1. Memoou ynpaesniuHs gpopmoio nonepexy nOpONCHUHU
Koutpoabhe 3aBganns Ne 4.1

1. Hasecmu mexnonoziuui cxemu GopmysanHs omeopie nyuKoMm Ad3epHO20 GUNPOMIHIOBAHHSA. B axux
yMOo8ax egheKkmueHa ma uu iHuwa cxema?

2. Busnauumu, sxi 3acobu KoHyewmpayii NpoMeHUcmoi euepeii SUKOPUCHOBYIOMbCA V CXeMAX
06pobru y “Oanvuiu” wu “OnudicHil” 30Hax?

4.2. @opmysanns ma nepemeoperts KayCcmuKkyu nyuKa BUNPOMIHIOBAHHS K IHCIMPYMEHMY
KonTpoabne 3aBaanns Ne 4.2
1. IIpoananizyeamu MoXiCIUGOCMI (YOPMYBAHHA NYUKA GUNPOMIHIOBAHHA Y PE3OHAMOPI ma 1020
nepemeopeHHs MOHKOI CRepuyHOIO NiH3010.

2. Obrmpynmyeamu 6naue 2AUOUHYU Pi3KOCMI ONMUYHOL CUCHeMU HA NOB3008MIHCHIl NPOits 0mMeopy: 3d AKOI
VMOBU MONCHA 0OPOOUMU YUTTHOPUYHUL OMEIp?

4.3. Cxemu popmoymeopenus enuboKuUx omeopie 3 Maium nonepeKom
KonTpoJabHe 3aBnanns Ne 4.3
1. Axi omeopu 3a nonepeunum 3pizom MoxicHa oopooumu y “oanvhii”’ 30Hi.
2. Bubpamu, nakpeciumu ma po3paxy8amu ORMuyHy cucmemy 0 00pobKU KilbyeB0oi NOPOHCHUHU:
o poszmipu.[ 110 mm wupunoro 0,1 mm;
®  NYUOK GUNPOMIHIOBAHHS a3epa Ha epanami mae diamemp 10 mm ma kym posxodcenns 0,005 pao;,

®  JIOKA3HUK NEPeOMIEHHS MAMepiary OnmuyHux enemenmige n = 1.5.
3. Obrpynmysamu cxemu KOHMYPHOI 0OPOOKU OMBOPI6 CKIAOHO20 Nepepizy posmipom Oinbuum Hixc 1 mm.

4.4. Cxemu 06pobKu MoYHUX MA OMBOPI6 CKIAOHO20 NPOGIiNI0

KonTpoJabHe 3aB1anns Ne 4.4

~

Hasecmu npoexyitiny cxemy 06pobku omeopie ckiaoHoi popmu y MOHKUX 3A20TMOBKAX.

2. Ilobyoysamu onmuuny cucmemy 01 (popmy68aHHs NyuKa 1a3ePHO20 BUNPOMIHIOBAHHS CKAAOHO20

nonepeunoco npogin ma KOHYeHmpayii 1oeo enepaii Ha NOBEPXHIO 3A20MOBKU.

Busnauumu nopaooxk po3apaxyHKy eeoMempuiHux ma onmudHuUx napamempis npoeKyitiHoi cucmemu.

4. 3a paxynok akux sxocmeil KOHMYPHO-NPOEKYIUHA cXemMad 00poOKU niosuwye e@ekmugHicmo
BUKOPUCMANHS eHepeii NYUKa UNPOMIHIO8ANHS?

5. Jaiime oyinky SUKOPUCMAHHA AKMUBHOI NPOEKYIHOI cxemu 01 00poOKU (hacoHHux omeopis 6e3

empam eHepelii.

“w

Koutposanbne 3aBnanns Ne 4.5

1. Bubpamu mun ma Haxpeciumu ONMUYHY CXeMy OAs NPOeKYilHil 0OpobKu 8iKHA KEaOpamHoi
nonepeunoi ghopmu:

® po3mip - 50-50 mrm;

®  3020MO06KA - NIIEKA 3 XPOMY 3a6mosuiku 10 MKM HA NOGEPXHI CKIAHOI NAACHUHKU,

®  GUNPOMIHIOBAY HA PYOIHI:

- oosacuna xeuni L = 0.6943 ux,

- Oiamemp npomeHs 5 Mm;

- xkym po3zxodxcenns 0,003 pao.

2. Ckaacmu cxemy aKmMuBHO-NPOEKYItiHOT ONMUYHOL cucmemu 0151 UKOPUCIAHHSL 3 1A3ePOM HA Napax
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MiOi, kULl Mae Koegiyienm niocunenns axmusnozo cepedosuwya (= 107 cm™.
4.5. Memoou ynpagninHs no8300824CHbOI0 (POPMOIO ROPOICHUHU
KonTpoabne 3aBaanns Ne 4.6

Hagecmu napamempu 0bpodxu (napamempu nyuxa unpoMinio8anHs ma ymo8 onpoMiHIO8aAHHs), K]
3Hauyuje 8NIUBAIOMb HA NOB3008CHII PO 0MEopy nicis 1azepHoi 06pooOKu.

Oyinumu 6nug 63AEMHO20 NOJIONCEHHS NYUKA SUNPOMIHIOBAHHS MA 3A20MOBKU HA NOB3008HCHIU
npoghine omeopy. Axum wuHoOM, 3MIHIOIOYU YMOBU ONPOMIHIOBAHHS, BNAUBAIOMb HA NOB3006IICHIT
npogine omeopy?

Busnauumu memoo onucysantsi CkiaoHo20 npo@pinio cucmemoro 8iOXuleHsb 610 YuriHOPUUHOL (hopmu.
Buxonamu mooenosanns npoyecy 00poOKu eKCHepuMeHmMAaibHUMU Memooamu; SUKOpUCmamu
MoOeni 015l NPOeKMY8anHs onepayii 00pooKu 0mMeopie HeYUNiHOPUUHOL hopmu.

KonTpoJanbHe 3aB1anns Ne 4.7

Busnayumu ymoeu cpopmyeanns yunindpuynoi ceimnosoi mpyoxu.

Crrnacmu onmuuny cxemy 3 YUriHOPUYHOIO CEIMII08010 MPYOKOI0 051 00POOKU YUTTHOPUUHO2O ONEODY:

® Oiamemp [10,3 mm;

®  MOBWUHA 3A20MOBKU 3 MM,

® napamempu nyuka eunpominiosanns: oiamemp D = 10 mm, kym posxoodxcenns ( = 0,002 pao,
ooexcuna xeuni L = 1,06.107 ym.

Koutpoanbne 3aBnanns Ne 4.8

Cxnacmu ma po3paxyeamu 2eoMempuyHi Cni88IOHOWIEHHS ONMUYHOI cucmemu 011 00poOKu
0meopie YuniHOpuyHoi popmu:
diamemp omeopy d = 0,2 mm;
moswuHa 3a20moexu 1 mm.
NYYOK BUNPOMIHIOBAHHS MAE HE3MIHHI POZMIDU Y MeAHCAX 3a20MOBKU,
BUNPOMIHIOBAY — Nla3ep HA PYOIHI.
odoeorcuna xeuni L = 0,6943 ymxm;
diamemp nyyka D = 5 mm;
xkym posxodacennss (= 0,003 pao.
Pospaxysamu  pedxxcumu  00pobku cucmemamuyHor NOCHIOOBHICMIO NiuUKI8, AKWO 3A20MOBKA
sueomoegnena iz aamyni JIC59 (L, = 5,1 xl]uc/ke, T, = 2500 C, T,, = 1230° C, k = 1,17 Bm/(cm epag), a
=(),34 CMz/C,) =6,2.107 ke/ca’).
Tema 5. MeToau BUZHAYEHHS Pe:KMMY JIa3epHOI 00p00KH MOPOKHMHU

5.1. Ilpoenosysanns pezynomamis 00poOKu 3a AHATLIMUYHUMU MOOETIMU
Kounrpoabne 3apaanust NeS.1

JlaTy OLiHKY aHAJITHYHUM METOJaM IPOSKTYBaHHS PEKHUMIB JIa3epHOTo OoNpoMiHIoBaHHs. HaBectn
nepeBar Ta HeJOMIKU X BUKOPHCTAHHS.

[IpoanamnizyBaTu MeTOAM iX MOOYIOBH: TEOpPisl pO3MipHOCTEH, OanaHc eHeprii y 30H1 06poOKH,
(heHOMEHOIOTIYHI MOIETII.

[NopiBHATH XapaKTEPUCTHKH PO3PAXyHKOBHX PE3yJbTATIB MPOTHO3YBaHHS orepainiid oOpoOKu
OTBOPIB Ta OOTPYHTYBAaTH HPUYMHU HEJOCTATHHOI TOYHOCTI PO3PAaXyHKIB.

KonTpoJbHe 3aBnanns Ne 5.2

Po3zpaxyBaru pe3ynbpratu 00poOKH OTBOPY 3a TAKUX YMOB:
- 3arortoBka i3 ctaii 18X2H4BA (L, = 8100 x/[x/kr, p = 7,8.107 kr/cm’, k = 0,3 Br/(cMm.rpan), ¢ =
0,6 xJIx/(xr.rpan), ¢’= 0,52 xJx/(xr.rpan), a = 0,07 cm’/c, Ty =3010°C, Tyy = 1520°C, A =
0,67);
- ymoBu onpomiHtoBanHs: E =5 JIxk, 1= 500Mmkc, dp = 10%2em, D= 1,6 cm, F=10 cm, AF = 0.
[TopiBHATH Mixk 00010 OMIepKaHi PE3yIBTATH Ta OIIHUTH 1X 3 TIO3UITIH TOYHOCTI TIEPEABITIICHHS.

5.2. Ilpoexmyesanns peacumis JIPO 3a anarimuunumu Mooenimu

KonTposbHe 3aBn1anns Ne 5.3
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1. Jlatu omiHKY po3paxyHKOBii MOJENI MPOCKTYBaHHS PEKHUMIB JIa3epHOI 0OpOOKH OTBOpIB i3
MiABHUIICHOIO AKICTIO pe3ynbTaTiB (3a Steffen’om).

2. 3a paxyHOK SIKHX JOMYyIIEHb JOCATHYTO aHAITHYHE PillICHHS PiBHSHHS TEIUIONPOBIAHOCTI HATPIiBY
3arOTOBKH JIa3€PHUM OIPOMIHIOBAHHSIM?

3. UwuM BiApI3HAIOTHCS PEXKUMH 00POOKH “TIaaKUM’ IMITyJIbCOM OTBOPIB Y TOHKHX 3arOTOBOK, TITHOOKUX
OTBOpIB, OTBOPIB LMWJIIHAPHUYHOI OB3JOBXKHBOT POPMH, Ta OTBOPIB y TEIIOMPOBIAHUX MaTepianax?

KonTpoJnbHe 3aB1anns Ne 5.4

1. BuzHaunTy pexuMu 00poOKH JTyHKH:

- JliaMeTp 107 oM, rubuna 0,05 cM;

- 3arotoBka - natyHs JIC59 (L, = 5,1 xx/kr, T, = 2500°C, T = 1230°C, k=1,17 Bt/(cm.rpan), a =
0,34 cm*/c,) = 6,2.107 xr/cm?)

- PEKUM ONPOMIHIOBaHHS - OJWH IMIyJNbC BiNbHOI TeHepauii (immynbc CIT MOXXKHA NPHHHATH
AK “KBa3icTarlioHapHWIl” mpy iHTeHCHBHOCTI onpomiHoBanHs I § 10° Br/cm?).

2. o 3MiHHUTKCS y peXKUMaX OMPOMIHIOBAaHHS, SIKIIO MOTPiOHO chopMyBaTH OTBip LMITIHAPHIHOT
¢dopmu?

KonTpoJabHe 3aB1anns Ne 5.5

1. OOrpyHTyBaTH BUKOPUCTaHHS OOpPOOKHM OTBOPIB 3 MiJBUIICHHMH BHMOTaMU JIO0 iX SIKOCTI
IMITyJIbCOM 3 TIEPIOANYHOIO MOCTITIOBHICTIO MiYKiB (apyra 3anaua Steffen’a).

2. Sk mocsATaeThes peaNbHICTh 3 YpaxyBaHHSM YMOBHOCTI TaKOi CXEMH ONPOMiIHIOBAaHHS, SIKi 3aCO0M ii
peasizartii?

3. 3a paxyHOK SKHX OCOOJIMBOCTEH y pekuMax OACpKaHO PO3PaxyHKOBI MOJEIi, OJHAKOBO aJcKBATHI
IUIsl pillIeHHS Pi3HUX TEXHOJIOTIYHUX 3a1a4?

KonTpoJanbHe 3aB1anns Ne 5.6

BuszHauuTy pesxumu 00poOKH JTyHKH:

® OJiamemp 2.107 cm ma 2nubuna 0,15 cm;

® 3acomoexa - aamyus JIC59 (L, = 5,1 kl]uc/ke, T, = 2500°C, T, = 1230°C, k = 1,17 Bm/(cm. epad), a =
0,34 cm’/c,) = 6,2.107° ke/ear’)

®  YMOBU ONPOMIHIOBAHHSL - NOCAIOOBHICb NIUKIB, SIKI NOOAIOMbCSL Y 30HY 00POOKU 3 He3MIHHUM Nepiodom
HaoxoOdcenns ma cmabinonum pienem inmencusnocmi (I, € 10° Bm/cm.”; weuoxicms poznvomy
npodykmie nazeproi eposii npuiinamu pigrnoio 10° cm/c).

5.3. locnioacennss ma mooentosanns onepayii JIPO

KoHnTtpoabHe 3aBnanns Ne 5.7

1. Jlamu oyinky OoyinbHOCmi MemoOUKU 0OHODAKMOPHUX eKCRePUMEHMANLHUX O0CHIONHCEHb Npoyecy
aazepHoi 06pobKu omeopis.

2. Hasecmu (y sAKichomy noOanmi) pe3yiomamu 6Nau8y napamempis nyuka 6UNpOMIHIOBAHHA MA YMO8
00pobKU Ha posmipu omeopis (diamemp ma 2aubuHy).

3. 3pobumu oCHOB8HI BUCHOBKU NO Pe3YIbMAMAX 0OHODAKMOPHUX OOCHIONCEH. MONCIUBICMb BUOOPY
pedxcumie 06pobKu ma Kepy8aHHs NPOYecoM.

4. Obcyoumu modxcaugicmo MamemamuiHo20 MOOENO8AHHS NPOYeECY 3d YUMU Pe3VIbMamamu. ix
NPULHAMHICMb 0151 NPOEKMYSAHHS ONepayiil.

KonTpoJabHe 3aB1anns Ne 5.8

1. Busnauumu 3a epagikamu excnepumeHmanbHux 00HOQAKMOPHUX OOCIHIOJNCEHb pedcumMu 06poOKU
omeopie diamempom 0,3 mm ma enubunoro 1,5 mm y 3acomosyi iz cmani 45 3a ymoe 00HO IMNYIbCHO2O
ma 6azamo IMRyIbCHOZ0 ONPOMIHIOBAHHSL.

2. Yu mooicnueo piutenHs Oaeamo KpumepiarbHux 3a0ay 3a 0onomozorw yux oanux? O6rpynmyeamu
8i0N086i0b.

KonTpoJnbHe 3aB1anns Ne 5.9

1.  Obrpynmyeamu HeobXionicmo 6azamo GaxmopHoi MemoouKku 00Cai0NCeHb NPOYECia 1a3epHoi poO3MIPHOT
00pobKU, AK €OUHOI 8 YMOBAX CKAAOHOI 63aEMOO0Il bacamvox (QI3uuHUX ma XiMIUHUX 56Ul Y 30HI
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ONPOMIHIOBAHHA.

Craacmu emanu 00CHONCEHb 8 YMOBAX 3HAUYUI020 OIAHHA 8eAUKOI KibKoCcmi (hakmopis.

3. Hagecmu npuxiadu eKCnepumMenmaibHux Niauis, ki eqheKmueHi 3 eKOHOMIYHUX MA Y4ACO8UX MIPKY8AHb
Ha emani nepeonaHy8aHHs eKcnepumenmie. HKi ymoeu BUKOPUCMAHHA KOMNPOMICHUX NJIAHIG
bpoocvroeo, memoouka ix nob6y0osu 0151 00epIHcanHs Mooeni npoyecy 3 BUSHAYEHUM CKAAOOM?

4. Obrpynmyiime nabip axmopie, aKi KIOUAIOMbCA 00 NOCMYTbOBAHOI MOOeNi npoyecy.

N

Konrtpoabhe 3apganns Ne 5.10

1. Cxnacmu naan excnepumenmy Ha emani nepeoniany8ans 0l MaKux ymos:
- Hacuuenutl naan muny J®F ons oyinku epexmusnocmi e THIUHUX YIeHi8 011 Mpbox pakmopis:
eHepeil, Kyma po3xo0xcents ma oKycHoi giocmani ¢hoxycyouoi cucmemu;
- KOMAPOMICHUL NAaH 05l MOOeNi Opye020 NOPSAOKY 3d YMOSU 3HAUYWOT Oii TIHIIHUX, K6AOPAMUYHUX MA
napuux eghekmie ycix gpaxmopis 3 nepuium:
u

. H - i
y=a,+>» ax, —[Z ax’ +% axx,.
[ [ (=]
oe: X — enepeisi UNPOMIHIOBANHS, X2 — MPUEANICIMb IMIYILCY, X3 — KYIM PO3XOOUCEHHS NYUKA 6UNPOMIHIOBANHA.

2. Axuii 3 yux nianie Halkopomuuil?

5.4. Ilpoexmysanns pesxcumis JIPO. O0Ho kpumepianohi 3a0aui

Konrtpoabhe 3apganns Ne 5.11

1. Ilpoananizysamu pausicuposounuil pso enaugy Kepyemux pakxmopis Ha po3mipHi NOKA3HUKU npoyecy

JazepHoi 06poOKU omeopis:

diamemp ma enubuUHy - 011 HEHACKPI3HUX 0MEOPIs;

Jdiamemp 6XiOHOI ma BUXiOHOI wacmuu — 015l HACKPI3HUX OMEODIs.

2. Bubpamu ma obrpynmyeamu Habip Kepyemux paxmopie 0Jisk CMeopeHHs (paKmopHo20 nPOCmopy
00CidAHCeHb npoYecy 1a3epHoi 06pOOKU.

5.5. Ilpoexmyeanus pexcumie JIPO. bazamo kpumepianvhi 3a0ayi

KonTpoabne 3apganns Ne 5.12

Crrnacmu nabip (3 mpobox) paxmopis, aKi HAUOILUWL 3HAYYWE GNAUBAIOMb HA:

PO3MIpU HEHACKPIZHUX OMEOPI8;

PO3MIDU HACKPIZHO20 OMEOP)Y.

Tlpugecmu npuxnad nosHo Gaxmopuo2o niawy O0py2020 NOPAOKYy ONsl Yux (akxmopis, UHAYUmMu
HE0OXIOHY KINbKICMb eKCNepUMEeHMATbHUX MOYOK.

3. Ha saxux piensx mpeba hikcysamu 3aiumky 3HAYYWUX Pakmopie OJist 00ePHCAHHSL HAUMEHUUX O
po3mipam omeopig?

Noe e~

Konrtpoabhe 3apganns Ne 5.13

1. Busnauumu, uyomy 6acamo KpumepiaibHicmb 3a0a4 NPOEKMYSAHHS MEXHOLOIYHUX Onepayii
J1a3epHoi 06poOKU CHOHYKAE 00 BUKOPUCIAHHS eKCNEPUMEHMANbHUX MemOo0dié Onmumizayii.

2. Hasecmu wiisixu nooonanns 6a2amo KpumepiaibHocmi 0Jisi CRPpOUueHHs ORMUMI3AYIIHUX 300ay.

Obrpynmysamu HeoOXIOHICIb GUKOPUCTHAHHSA Y3A2AIbHEHOL (DYHKYIT 6axcanocmi.

4.  Busnauumu aneopumm eKCHepUMeHMAalbHO20 Memooy ONMuMi3ayii 3 6UKOPUCTIAHHAM DYHKYLU
baxcanocmi. Hagecmu npuxiadu ¢popmyeanus yux Qyukyii.

w

Koumponvue 3a60anna Ne 5.14
CripoeKTyBaTH TEXHOIOTIYHY OIepallito Ia3epHoi 00pOOKH OTBOPIB:

Oiamemp - [10,4H12 ymm;

10630062ICHS (PopMa — KOHIUHA 3 KOHYconoOionicmio k = 0,4 mm;

3a20MOBKA - KOPNYC IH EKYIUHOI 20JIKU 3A8MOBUKU 3 MM.

Mmamepian 3aeomoexu - namyus JIC59 (L, = 5,1 klJauc/ke, T, = 2500° C, T,, = 1230°C, k = 1,17 Bm/(cm.
epaod), a = 0,34 em’/e, ) =621 03 K2/CM3),‘

®  mpusanicmo onepayii He NOBUHHA nepesuugysamu 25 C.

THpumimxka: euxopucmamu 0aHi eKCHePUMEHMALLHUX O0CHIONCEHb NO MOOCTIOBAHHIO HpoYecy 00POOKU MAKUX
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Hopatok C
Ilepenik nUTaHb 10 €K3aMeHY 3 OCBITHHOT'0 KOMIIOHEHTY

[IpoananizyBatu micye naseprnoi oopodoxu y cucreMi Enextpodizmunux ta EjekTpoxiMidHHX
METO/IB 0OPOOKH.

HaBectn pe3ynbraTé OXHO(DAKTOPHUX METOMIB MOCTI/DKEHb NPOIECY Ja3epHoi pPo3MipHOT
00pOOKH: MOPAZOK BUKOHAHHS, MOXJIUBOCTI, IEpEBAru Ta HeOJIKH.

HaBectn mopsiiok po3paxyHKy TapaMeTpiB €JIEMEHTIB MPOCSKIHHOI CHUCTeMHU. BHKOHATH
rabapuTHHI po3paxyHOK (Ha 0a3i MPaKTUYHUX 3aHSTh)

SIki sBWIIa BUHUKAIOTH MiJ 4Yac TOTJMHAHHS €HEprii JIa3epHOTO BHUIPOMIHIOBAHHS TOBEPXHEIO
3arotoBku. Bukopucrtatu 3akoH byrepa-JlamOepra i1 XapakTepUCTHUKH OOpOOIIOBAIBHUX
Marepiais.

SIKUM YMHOM BIUIMBAIOTh OCHOBHI TapaMeTpH Mpolecy 00poOKH Ha TIHMOMHY HOPOXKHHUHU.

Ko 3acTOCOBY€TBCSI KOHTYPHO - MPOEKIIHHUIM MeToa 00poOku mopoxkHuH. HaBectu ontuuny
cxeMy s Horo peanizaiii. (HaBECTH MPAKTUYHI pe3yIbTaTH HOTO 3aCTOCYBaHHS).

SIki MexaHI3MU HarpiBaHHS Ta pyHHYBaHHS MaTepialy 3arOTOBKH 3a JIA3€PHUM ONMPOMIHIOBAaHHIM?
SIK BIUIMBa€ PEXUM ONPOMIHIOBAHHS Ta BJIACTUBOCTI MaTrepiady Ha XapakTep AisIHHA ITydka
BUTIPOMIHIOBaHHS?

Sk BIIMBAIOTH OCHOBHI TapaMeTpH IMpoliecy 0OpoOKHU Ha MOMepeyHi po3MipH MOPOKHUH? .
Hasectn ontuuny cxemy mans QopMyBaHHS ITydka JIa3epHOTO BHUIIPOMIHIOBAaHHS —TIPH
BUKOPHCTAaHHI aKTUBHOTO MPOEKI[IHHOTO METOAy OOpOOKH MOPOXKHHUH. SIKMM CIiBBiAHOIICHHIM
napameTpiB. (MPUKIIA] i3 TPAKTUIHHUX 3aHSTD)

Sxi ocoOnmMBOCTI pyHWHYBaHHS MaTepialiB 3a IMIYJIbCHUM Ta O€3MEepEepBHUM pPEKUMaMU
OTIPOMIHIOBAaHHS, MIO JOJNAIOTh PO3PUBM Yy TIOCTa4yaHHI eHeprii? Skwii piBeHb IMITYJIBCHOL
(MYKOBO1) MOTY>KHOCTI JOCSTAETHCS?

SIke mpu3HAYCHHST METOIUKHU Ta TepeBaru MarlTh 0araTo(akTOpHI METOAM E€KCIIEPHMEHTATBHUX
(B®E) nmocnimxenp mporneciB JIPO nas MomenmioBaHHA Ta ONTHUMI3alii: OCOONHMBOCTI, YMOBH
3aCTOCYBaHHS, IHTEpPIPETAIlist pe3yJIbTATIB.

HaBectn cxemu ¢(opMyBaHHS MOPOXKHMH Kpyrioi (opMH TpemaHami€ero. (JaTh HpUKIIaIH,
PO3IJIAHYTI Ha PAKTUYHUX 3aHATTSIX).

HaBectn eranmm B3aemofii Imyd4ka JIa3epHOrO BUIIPOMIHIOBaHHS 3 MaTepiajloM 3aroToBKH. Sk
3aJISKUTh KUTBKICTB €TalliB BiJ] TOCATHYTOTO PiBHS I'YCTHHH HOTY>KHOCTI TETJIOBOTO JpKeperna?

Ha sxi rpynu MoxkHa moAinuTu (akTopu Mpolecy JiazepHoi 0OpOOKH, BiJl PIBHS SIKUX 3aJE€KUTh
pe3yJIbTaT TEXHOJIOTIUHO omeparii?

3. HaBectu ertamu mpouecy (OpMOYTBOPEHHS HACKPI3HMX Ta HEHACKPI3HHX OTBOPIB (JIYHOK)
Ja3epHUM BHUIIPOMIHIOBAHHSM, TUITH TIOB3JIOBKHIX MPO(ITIB 3riIHO 3 TaHUMH MPAKTHYHUX 3aHATH
3a TOTIOMDXKHOIO JIITEpaTyporo [5].

HaBectn anropuT™ NpOEKTYBaHHS TEXHOJOTIYHOI oreparii jazepHoi po3MipHOi 0OpoOKkH Ta
BU3HAYUTU OCOOJIMBOCTI BUKOHAHHS HOrO €TalliB 3 ypaxyBaHHSM BJIACTUBOCTEH IHCTPYMEHTY —
My4Ka JIA3ePHOTO BUIIPOMIHIOBAHHSI.

Hagectu ckman rpynu kepyeMux (pakTopiB mpoliecy JiazepHoi 0OpoOKH, K1 3MIHIOIOThCA SIKICHO,
abo kinbkicHO. SIKi GakTopu moTpiOHO (hiKCyBaTH HA BU3HAUEHUX PIBHAX ITiJ 9ac 0OpoOKu?

Sk 3aeXuTh MOB3JA0BXKHS (OPMU HEHACKPIZHUX MOPOKHUH (JIYHOK) BiJl B3A€EMHOI'O TOJOXKEHHS
mig 9ac oOpoOKM IMydKa BHUIPOMIHIOBAHHS Ta 3aroTOBKU? SIKUM YMHOM MOXHA BIUIMBAaTH Ha
dopMmy oTBOpy Ta Horo riaMOMHY 3TiJHO 3 JaHUMHM HPAKTUYHUX 3aHATH 32 JONOMIKHOIO
JiTepatyporo [5].

[TpoBecTH KpUTHYHUM OIJIAZ METOMAIB NMPOTHO3YBAaHHS PE3yNbTaTiB Ta MPOEKTYBAaHHS PEXHUMIB
nazepHoi 00pOoOKHU OPOKHUH.

Hagectu psiay 3HauyocTi BIUIUBY KepyeMHX (DaKTOpiB HA MOIMEPEUHi po3MipH MOPOKHUH (JIHIIIE
JUTSL JTiHIKHUX (akTopiB). JIs 9OTO Ta SIKUM YUHOM MOKHA BUKOPUCTOBYBATH PSIIU 3HAUYIIOCTI?
Sk BIIMBaIOTh KepyeMi (DakTOpu Ha KOHYCOMOJIOHICTH OTBOPIB MiCHs JIa3epHOI PO3MipHOI
00poOKH (pe3yabTaTH BUKOHAHHSA J1ab0opaTopHOi podoT Ne2).

[IpoanainizyBaTH aHAIITUYHI MOJEJI MPOTHO3yBaHHS PE3yJIbTATIB OIEpalliid Ja3epHoi po3MipHOT

29



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

00poOku. HaBecTn MeTomuKky iX mMoOyayBaHHS: PIIICHHS TEIUIOBHX 3ajad, BUKOPUCTAHHS TeOpii
PO3MIpHOCTI, 3aKOHY 30€peKeHHS €HEPrii.
Bukonatu knacudikaiito (akropis, SKi BIUIMBAIOTh HA PE3yJIbTATH JIa3epHOi po3MipHOi 00pOOKH,
3a X KepOBaHICTIO Ta MOXKJIMBICTIO KOHTPOIIOBATHCS.
HaBectumnopsinok aii  T1pM  TPOEKTYBaHHI peXHMMiB OOpPOOKHM OTBOpIB 13  3aJaHOI0
KOHYCOTIOIIOHICTIO €KCIIEPUMEHTATBHUM METOJIOM. (aJITOPUTM BUKOHAHHS JIaOOpaTOpHOi poOOTH
No2).
HaBectn yMoBH po3poOKM (EHOMEHOJOTIUHMX MOJCNICH TMporecy JazepHoi 00poOKu
HEHACKPI3HUX MOPOXKHHUH (JIyHOK).
SlkuM 9YMHOM MOXHA BHMKOHYBATH BHOIp peXUMIB JazepHoi oOpoOku 3a OaratohakTOpHUMHU
MOJIEJISIMU TIpoLiecy (0cBix BUOOPY pexxuMy B JabopaTopHiid poboTi Ne2):

° 3 Bukopuctanasm [IEOM

) rpadiyHUM criocobom?.
SKUMH TIOKa3HUKaMH BHUKOHYEThCS omuC (OpMH CKIAIHUX 3a NOpodigeM TMOPOXKHUH s
dopmanizarii po3MipHUX pPe3yJIbTATiB EKCIIEPUMEHTATBHUX JOCITIKEHb?
HaBectu ckian moixiHOMianbHOI MOJIENI JIa3epHOI pO3MIpHOI 00poOKH, KoedilieHTH perpecii, ix
PO3MIpHICTb 32 HATYPaJIBHOTO Ta KOJOBOTO 3alIUCY PiBHIB (DaKTOPIB.
[IpoanamizyBaTH TOYHICTH TEPEABINIEHHS Pe3yJbTaTiB Ja3epHOi po3MipHOI 0OpoOKM 3a
AHATITHYHUMH MOJEIISIMU TIporiecy 00poOku. [TosicHUTH pe3ybTaTi po3paxyHKiB.
[TokazaTu, Y1 MOXKJIMBO OOPOOUTH CKJIaJHO MPOGUTbHI MOPOKHUHU 13 3aCTOCYBaHHSIM CHUCTEMU
MoJIeNIel psAy TePETHHIB MPOUITIO OTBOPY AJIst BUOOPY peXuMy 0OpOOKH. (IpakTUUHE 3aHATTS Ne
915D
Sxi wmeromu (opMyBaHHA TONEPEKY MOPOKHUH IYyYKOM JIA3€PHOTO BUIPOMIHIOBAHHS
3aCTOCOBYIOTBCSI? 3B’S3aTH TEXHOJIOTIYHI CXEMH OOpPOOKH 3 BHMOTaMHU JI0 OOPOOITIOBAILHUX
OTBOPIB. (IaH1 MPAKTHYHUX 3aHSITH 32 MPAKTUIHUM 3aHATTSIM No7 [6]).
HaBectr TeXHONOTIYHY Ta pO3pPaXyHKOBY CXE€MH I BHU3HAYCHHS PEKUMIB O0OpOOKH
KBa3iCTAI[IOHAPHUM IMITyJIbCOM JIa3€pHOTO BUIPOMIHIOBaHHA. SIKy Monenb pyiHYyBaHHS
MaTepianay 3aroTOBKM BUKOpHCTaHO aBTOpoM J. Steffen?.
HaBecTn moka3HHKH SKOCTI MOPOKHUH Micis 11 ga3epHoi 00poOku. ki 0coO0IMBOCTI Podito

XapakTepHi 7151 TOPOKHUH, 00pOOJICHHUX JIa3€PHUM MPOMEHEM

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

HagecTu cxemy ¢opMyBaHHS KayCTHKH ITy4Ka JIA3EPHOTO BUIIPOMIHIOBAHHS y pe3oHaTopi. SIkumu
napaMeTpamH pe3oHaTopa MOKHA BILUTUBATH Ha XapaKTEPUCTUKU KayCTHKU?

SIkuit MexaHi3M YTBOPEHHSI OTBOPY 3aCTOCOBYETHCS JUIsl OOpOOKM HaJ MalMX OTBOPIB (AEKUIbKa
MikpoMeTpiB)?. SIKUM YMHOM BU3HAYAIOTHCS PEKUMH OOpPOOKH OTBOPIB Y 3aroTOBKax i3 (OJIbIH,
wTiBoK? (mpakTudHe 3aHATTs Ne 8 [5])

Skuii CTaTUCTUYHUN TTOKa3HUK TOYHOCTI OOPOOKH MOPOKHUH 3aCTOCOBYIOTH MPH OIMHCI MPOIIECY
00poOKHM MaTeMaTHYHOIO Moze/Ti0? Jloka3aTu HEOOX1IHICTh HOTO BiIHOCHOTO XapakTepy
HaBectu cxemy ¢opMyBaHHS KayCTUKM IMy4yKa JIa3€pHOTO BUIIPOMIHIOBAHHS MEPEIOMIIOIOUYUMU
ONITUYHUMHU €JIEMEHTaMH, ii XapaKTepHi MePEeTUHH, PO3MIPH Ta BIACTHBOCTI.

HaBectn TeXHONOTIYHY Ta pO3pPaXyHKOBY CXE€MH I BHU3HAYCHHS PEKUMIB O0OpOOKH
KBa3iCTAI[IOHAPHUM IMITyJIbCOM JIA3€PHOTO BUIPOMIHIOBAHHS TIMOOKHMX OTBOPIB IMJIIHAPHUYHOL
dbopmu. SAky Momens pyiHyBaHHS MaTepialy 3arOTOBKH BUKOpUCTaHO aBTopoM J. Steffen?.
Haectn psinm 3HauymocTi BIUIMBY KepyeMux (DakTopiB Ha IOKa3HUK TOYHOCTI OOpOOKH
MOPOXHUH (JIIe JyIsl JTiHIMHUX (QakTopiB). s yoro Ta SKMM YMHOM MOXXHA BUKOPHUCTOBYBATH
psiau 3HavyImocTi? (MPUKIAIH 3 eTamy MiATOTOBKU €KCIIEPUMEHTY B J1abopaTopHiit po6oTi Ne2)
[Ilo Take 0OpoOKa y “manbHIi 30HI”, MPUKIATN 3aCTOCYBaHHS OCOOTWBOCTI pe3yibTaTiB? ki
HEOIIKH i€l cxeMu?

HaBecTtn TEXHOJOTIYHY Ta PO3PaxXyHKOBY CXEMH JUIsl BUSHAYCHHS PEKHUMIB OOpOOKU IMITYJIECOM
Ja3epHOT0 BHUIIPOMIHIOBAHHS 3 PEryJISIpHOIO MIYKOBOIO CTPYKTYporo SIKy Mojenb pyHHyBaHHS
MaTepianay 3aroTOBKM BUKOpHCTaHO aBTOpoM J. Steffen?.

HaBectn mopsgok aiii Nmpu NPOEKTyBaHHI pPEXHUMIB OOpOOKHM OTBOPIB i3 3a/aHOI0 TOYHICTIO
eKCTIEPUMEHTAIbHUM METOI0M. (JTabopaTopHa poboTa Ne2)

[Ilo Take rmubuHa pi3kocTi (POKYCy) ONTUYHUX CHCTEM 13 MPO30PUX 3ATOMIIIOIYHUX MaTepianiB?
SlkrM YMHOM MOKHA BIUTMBATH Ha 11 po3Mipu?

SIKi MOKJIMBOCTI MalOTh €KCIIEPUMEHTaIbHI METOAM MPOEKTYBAHHS PEKUMIB JIa3epHOI PO3MipHOI
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

00poOku 0TBOPiIB? SIKi IepeyMOBH BUKOPHUCTAaHHS METOIUKN OaraTo(h)akTOpHUX €KCIIEPUMEHTIB?
(ominka mosksuBocTi [TIOE mpu BukoHaHH1 1abopaTopHOi poOoTH Ne2)

HagecTtu ontuuny cxemy Ta ii rabapuTHHI po3paxyHOK i 0OpOOKH MOPOKHUH LMITIHAPUIHOTO
npodTI0 y IUITITHAPUYHIN CBITIOBIH TpyOITi

SIKi eKOHOMIUHI Ta TEXHIYHI IEpeBaru Mae ja3epHa o0poOka y nopiBHsaHHI 3 iHmmMMu E@XMOM.
HaBectn MOXJMBI METOAMKHM €KCIIEPUMEHTAIBHUX JOCIIKEHb IPOLECY Ja3epHOi pO3MipHOL
00poOKH: 00’€KTMBHA HEOOXIJHICTH; MEpeBard Ta HEOOJIKM y TOPIBHAHHI MK CO0OI0 Ta 3
BUKOPUCTAHHSAM TEOPETUYHUX PO3PaXyHKIB.

[IpoananizyBaTH 3aCTOCOBHICTh NMPOEKUIHHUX METOAIB OOpOOKM y BiJHOIIEHHI 10 pO3MIipiB Ta
dbopMH MOPOKHUH

Jlokazatu 00’ €KTHUBHY HEOOXiIHICTh ONTUMI3aIlIfHOrO METOMY pIillleHHs 3a/Jadi MpPOEKTYBaHHS
pexuMiB 0OpOOKH peaabHOT TEXHOJIOTIYHOT orepartii.

SIki iznuHi oOMeXeHHs Ha TIIMOMHY MOPOKHUHM Ma€ OJIHO IMITyJIbCHA JiazepHa oOpoOka? s
4OT0 3aCTOCOBYETHCS O6AaraTo iMmyJibcHa 0OpOOKH 13 3MIHHUMH YMOBaMH OITPOMIHIOBaHHS?
Hagectn cxemu mpucTpoiB At pearnizaiii METOLy KOHTYPHOT'O BHpiI3aHHS Ui BHTOTOBIJICHHS
npodITPHUX Ta MMOPOKHUH BEITUKHUX PO3MIpiB.(IpakTudHe 3aHATTS No§ [5])

SIKi 3aCTOCOBYIOTHCSI METOJMKH IPOEKTYBaHHS OaraTOKpUTEpiaJbHMX 3aJady B YyMOBax
ONTHUMI3aIliil peKUMiB 0OpoOKH? (eTaru MmAroTOBKH A0 JabopaTopHOi podoTu No2)

SIK BIUTMBAIOTh OCHOBHI ITapaMeTpH Ipolecy 00poOKH Ha MOMepedHi po3MipHu HOPOKHHUH?

SIki enemMeHTH KOMIT' FOTEPHOI ONTHKH, SKI 3aCHOBaHI Ha sBHINI iHTEepdEpeHIli CBiT/Ia, MOXKHA
BUKOPUCTOBYBATH Uil (POpPMYBaHHS NPOQUIbHOI KAyCTHKH ITydYKa JA3epHOTO BHUIIPOMiHIOBAaHHS
(romorpadivHi eJIEMEHTH Ta IJIOCKI (POKYCaTOPH)

o Take mMoOBepXHEBHI KOEQIIIEHT NOTJIMHAHHA €HEeprii Ja3epHOro BUIIPOMIHIOBAHHS 1 BiJl 4OTO
3aJIeXKHICTh HOTO PIBEHBb?

SIki mepeayMOBH 3acTOCYBaHHS 0araTo()akTOpHHUX METOJIB MOCTI/DKEHHA JUIs aHajily Ta
MIPOEKTYBAHHS MPOIIECIB J1a3epHOI pO3MipHOT 0OpOOKHU?

Hagectn cxemn 0oOpoOKH MOPOKHUH KpYyTJa0i (POPMH METOJOM TpemaHamii Ta Mpuiagu Uit ix
peamizamii. (mpakTuune 3aHATTS Ne§[5])

SIka € B3a€MO3AJIEKHICTh MK MapaMeTpaMu IpOILECy, BIACTUBOCTSAMHU MaTepialdy 3aroTOBKU Ta
pe3yipTaTaMu 00poOKu?

OOrpynTtyBatu BHOIp cTpaTerii aHamily 3HAYyIIOCTI BIUIMBY KepyeMHX (DAaKTOpiB mpolecy
00poOKHM Ha HOT0 KIJTBKICHI Ta SKICHI pe3yJIbTaTH.

Omnwucatu MeTo]l y3araJibHEeHOI (PyHKIIT OakaHOCTI K 3aci0 MmepeTBOpPEeHHs O0araToKpUTepiaIbHUX
3ajad B OJHOKpuUTepianbHy. [lOSCHUTH mNpuU3HAYEHHS YAaCTKOBOI 1 Yy3arajdbHEHO! (QyHKIIT
OakaHOCTi: HEOOX1THICTh 1X 3aCTOCYBaHHS, MPUKIIAA (HOPMYyBaHHSI.

HaBecTn anropuT™ MpoeKTyBaHHS TEXHOJIOTTYHHUX OTIEPAIlii JJa3epHOi pOo3MipHOI 0OPOOKH.
HaBectn psam 3HAauymiocTi BIUIMBY KepyeMHX (akTOpiB Ha TIMOMHY MOPOKHHUH (JIHMIIE IS
MiHIHHUX ¢akTopiB). (s Woro Ta SKMM YMHOM MOXHA BUKOPHUCTOBYBATH PSIW 3HAYYIIOCTI?
(mpakTtuune 3aHATTA Ne 11)

Jl71s1 4oTO BUKOPHUCTOBYIOTH 3MIHHI YMOBH 0OpOOKHM (3MiHHI PiBHI €HEPTii, MMOJOXKEHHS 3arOTOBKH
y KayCTHKH ITy4Ka) MpH Ja3epHiid 00poO1i TOPOKHUH?

[IpoanamizyBaTH aHANITHYHI Ta EKCIEPUMEHTAIbHI METOAM BHU3HAUCHHS PEXHUMIB Ja3epHOT
00pOOKH MOPOKHUH Ta HABECTH 1X MEPEBAry Ta HEJAOMIKH.

HaBectn psiqu 3HAYymIOCTI BIUIMBY KepyeMUX (DakTOpiB Ha TMOMEpPEdHi po3Mipu (JUIIE s
JiHIMHUX ¢akTopiB). [ 4oro Ta SKMM YMHOM MOXHAa BHKOPHCTOBYBATH PSIM 3HAYYLIOCTi?
(mpakTuane 3aHATTS Ne 11).

Sxuii mopsAaoK onTuMizaiii 6arato KpuTepiaabHOi TEXHOJIOTIYHOT 3a]]a4i METOIOM y3araabHEeHO1
byHKIii 6akaHOCTI

3a SKUMU TPUHIMIIAME TOOYAO0BaH1 aHAJITUYHI MPOTHO3HI MOJEINI MPOIeCy JIa3epHOI1 po3MipHOL
00po6ku? HaBecTr MOpiBHIIbHY TOUHICTH MEPEABINICHHS PE3YIbTaTIB.

UuM NpUHLIMITIATBHAM BiJPi3HAIOTHCS EKCIEPUMEHTANbHI KOMIIPOMICHI IUIaHM bBpojachkoro;
po3MIUpEeHHs Ta CTUCHEHHS PiBHIB pakTopiB? IlepeBaru ix BUKOpUCTaHHS.

HaBectn mopsgok [if mpu  TPOEKTyBaHHI peXuMiB  0OpoOKM OTBOpIB 13  3a/laHOIO
KOHYCOIIO/IIOHICTIO EKCIIEPUMEHTATIBHIM METOI0M

HaBectn mnpukinaaM BUKOPUCTAHHS 3aKOHY 30epekeHHs eHeprii Juisi noOynoBH Mojeseit

31



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

PO3MIpPHHX TIOKa3HUKIB TIPOIECY Ja3epHOi OOpOOKH MOpOXHHH. (TpaKTHYHE 3aHATTS Ne9,
nabopaTopHa podota Nel)

Onucatu MeToAuKy 3amucy (OpMH CKIAAHO NPOQPUIBHUX MOPOXKHUH i  (hopmaizamii
pe3yJIbTaTiB ICTIUTIB.

SIKi MOJIMBOCTI Ma€ METOJUKA EKCICPUMEHTAJIBHOIO MPOEKTYBAHHS PEXUMIB Ja3epHOI
po3mMipHOi 00po6ku? I1]o Take MacUBHUI Ta AKTUBHUMA €KCIIEPUMEHTH?

Jns 00poOKM SKUX 32 PO3MIPOM Ta SIKICTIO MOPOKHUH BUKOPHCTOBYIOTH CXEMH IMPOCKIIIHOTO
MeToy 00pOOKH, OCHOBHI CITIBBITHOIICHHS?

3. HaBectm ontuyHy cxemy Ta ii raGapuTHHH pO3paxyHOK Uit OOpPOOKH MOPOKHHUH
MWTTHAPUYHOTO PO IO Y IUITTHAPUYHIN CBITJIOBIH TPyOIIi.

Sxi wmeromu (oOpMyBaHHA TIONEPEKY MOPOKHUH IyYKOM JIA3€PHOTO  BUIPOMIHIOBAHHS
3aCTOCOBYIOTBCSI? 3B’s3aTH TEXHOJIOTIYHI CXEMH OOpPOOKH 3 BHMOTaMHU JI0 OOPOOITIOBAIILHUX
OTBOPIB.

HaBectn TeXHONOTIYHY Ta pO3pPaXyHKOBY CXE€MH I BU3HAYCHHS PEKUMIB O0OpOOKH
KBa3iCTAI[IOHAPHUM IMIIyJIbCOM JIa3€PHOTO BUIIPOMIHIOBAaHHS OTBOPIB B 3aroToBKax i3
TEIJIOTNPOBITHUX MaTepiamiB. SIKy MoJens pyHHYBaHHS MaTepialy 3aroTOBKH BHKOPHCTAHO
aBTopoM J. Steffen?..

HaBecTn moka3HUKHU SKOCTI MOPOXHUH TICHs 11 azepHOi 00poOku. Ski ocoOauBOCTI mpodinro
XapaKkTepHi A7 TOPOKHUH, 00POOJICHHUX JIa3epHUM IPOMEHEM

Sk 3anexuTh MOJOBHM CKJIaJ Ta KyT PO3XOJKEHHS Iy4yka Ja3epHOr0 BHMIIPOMIHIOBAHHS BiJl
¢dopmu Ta po3TalIyBaHHS J3epKai pe3oHaTopa’.

HaBectn TexXHONOTIYHY Ta pO3pPaXyHKOBY CXE€MH I BHU3HAYCHHS PEKUMIB 0OpOOKH
KBa3iCTal[lOHAPHUM IMITYJICOM JIA3€PHOTO BUIIPOMiIHIOBaHHS OTBOpiB Benukoi rmudunu (I/d = 10).
Slky Mozenp pyitHyBaHHSI MaTepiany 3aroTOBKA BUKOPHUCTaHO aBTopoM J. Steffen?

Sxuil CTAaTUCTUYHHM MOKA3HUK TOYHOCTI OOpOOKU MOPOKHUH 3aCTOCOBYIOTH MPHU OIMKUCI MPOIIECY
00poOKH (HaBeCTH MPHUIIA]T OI[IHIOBAaHHS TOYHOCTI omepallii B JlJabopatopHiit poooTi Ne 2).

Hagectu cxemy (opmyBaHHsS KayCTUKH ITy4Ka JIa3epHOI'O BHIIPOMIHIOBAHHS IMEPEIOMITIOIOUUMHU
ONTUYHUMH €JIEMEHTAMH, 11 XapaKTepHI MEPETUHHU, PO3MIPH Ta BIACTUBOCTI.

Jlokazatu Ha mpukiIaai oOpoOKU CKIagHO MPOdIILHUX OTBOPIB, IO ONTHUMI3aLis € 00’ €KTHUBHOT
HEOOXITHICTIO MPU MPOEKTYBaHHI 0araTo KpuTepiaabHUX 3a1ad.

HaBectn psam 3Ha4ymOCTI BIUIMBY KepyeMHUX (DAKTOpiB Ha CTATUCTHYHUI MOKAa3HUK TOYHOCTI
(mume s miHIHHEEX  QakTopi). s WOro Ta SKMM YHHOM MOXXHA BHKOPHCTOBYBATH PSIN
3HAUYMIOCTi (pakTHaHe 3aHATTs Ne 11)

[Ilo Take 0OpoOKa y “manbHIi 30HI”, MPUKIATN 3aCTOCYBaHHS OCOOIMBOCTI pe3yabTaTiB? ki
HEIOMIIKH 1€l cxeMu?.

HaBectn TexXHONOTiYHY Ta pO3pPaXyHKOBY CXE€MH I BU3HAYCHHS PEKUMIB O0OpOOKH
KBa3iCTAI[IOHAPHUM IMITYJICOM JIa3€PHOTO BUIPOMIHIOBaHHS OTBOPiB Masoi riaubunu (I/d << 10).
Sy Mozenp pyitHyBaHHSI MaTepiaily 3aroTOBKH BUKOpHCTaHO aBTopoM J. Steffen?.

HaBectn mopsgok aiii mpu NPOEKTyBaHHI pPEXHUMIB OOpOOKHM OTBOPIB i3 3a/aHOI0 TOYHICTIO
MOTIEPEYHUX PO3MIPIB €KCIIEPUMEHTAILHUM METOI0OM

3a SAKMMH yMOBaMH € MOJJIMBICTb OOpPOOKH OTBOpIB MpPaBUJIBHOI MOINEpeYHOi (opmH, sKi
BJIACTMBOCTI ITy4YKa BUIIPOMIHIOBAaHHS BU3HAYAIOTH 1I€H MOKAa3HUK OTBOPY?

Hagectu ontuuny cxemy Ta ii rabapuTHHI po3paxyHOK i 0OpOOKH MOPOKHUH LMWITIHIAPUIHOTO
npodiTI0 y IUIITHAPUYHIN CBITJIOBIH TPyOIIi.

o Take oOpoOka y “OnmkHIA 30HI”, TPUKIAAN 3aCTOCYBaHHS OCOOIMBOCTI pe3yibTariB? ki
HEIIOJIKH 1€l cxemMu?
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Hoxaroxk D

IlepeJik TecTiB 10 TeCTOBOr0 BapiaHTy CKJIAJAHHSA 3AJIIKY

1.  3a sgKuMU O3HAKaMU BITHOCATHCS METOIM 00poOKH y rpymny EnekTpodiznuHuX Ta eneKTpoXiMiYHIX
BUJiB 00poOku (EOXMO)?

A. 3a HeMarepiaJbHICTIO IHCTPYMEHTY

B. 3a BmacTuBOCTSAMHU MaTepiay 3arOTOBKH, sIKa 00pOOIISETHCS

C. 3a JOCSITHYTHUM PiBHEM SKOCTI 0OpOOJICHOTO €IEMEHTY 3arOTOBKH

D. 3a HecuI0BUM IIISIXOM PYHHYBaHHS MaTepialy 3arOTOBKH.
2. Yum BUAUISETHCS 00pOOKa 3ar0TOBOK JIa3€pHUM TIPpOMEHeM Bijl iHmmX metoie EOXMO?

A. MOXIHBICTIO ()OPMYBaHHS HEKPYTIIUX OTBOPIB

B. 00po0Oka BUKOHYETHCS 6€3 MEXaHIYHOT'O HABAHTAKECHHSI 3aTOTOBKH

C. MOXJIMBICTh 0OpOOKH HaITBEPAUX MaTepialliB

D. MOXIHUBICTH OOPOOKH JTIOOUX MaTepiatiB.
3. 3a JKMM NOKa3HUKOM OOpOOJIEHHX eJIEMEHTIB Jla3epHa 00poOKa BiIPI3HAETHCS BijI IHIIIMX METO/IIB
EDXMO?

A. HaiOinpIIMK po3Mip 00pOOIIEMOTO EIEMEHTY
B. mHalirmuOmmii enemMeHt, mo o0poOIIsieThCs
C. HaWTO4YHILI PO3MipHI pe3yIbTaTH 0OPOOIIEHUX EIEMEHTIB
D. mnaiibinpIma BiqHOCHA TTMOMHA OOPOOJICHOTO €JIEMEHTY (aCIeKTHA TTIHOWHA).
4.  SIkuM YMHOM BUTPAYaETHCS CHEPTris BUIIPOMIHIOBAHHSI TP HAIIPABJIEHHI JIA3€PHOTO MMPOMEHIO Ha
TIOBEPXHIO 3arOTOBKH?
A. TIOTJIMHAETHCS B MaTepiali B MOBEPXHEBOMY HOro mIapi
B. BigOuWBaeThCs BiJ MOBEPXHI 3arOTOBKH
C. mpoxoauTh HACKPi3b Tijia 3aTOTOBKH
D. BinOuBaeThCs, MOTJIMHAETHCA Ta MPOXOIUTH YEPE3 3aTOTOBKY.
5. Bin sxux 06cTaBUH 3a5eKUThH OalaHC €Heprii B 30H1 OMPOMiIHEHHS (0I5 TOTJIMHEHOT, BiIOUTOI Ta, 110
TMIPOMIILIA Yepes3 3ar0TOBKY ?
BiJl piBHSI €HEPTii B IPOMEHI
BiJl BIACTHBOCTEH MaTepiary 3arOTOBKU
BiJl XapaKTEPUCTUKU TTOBEPXHi 3aTOTOBKU
BiJl TO€THAHHS JOBXHHN XBHJII BUTIPOMIHIOBAHHS 3 BIACTHBOCTSIMH 3arOTOBKH Ta
YMOB OMPOMiHEHHS.
6.  SIKkuM YMHOM MOXKJIMBHI HAMIPOCTIINNIA BIUTMB Ha OajlaHC €Heprii B 30HI OIPOMiIHEHHS TOBEPXHi
3arOTOBKU?

Sawp

A. 3MIHEHHSIM MaTepiay 3arOTOBKU

B. 3acrocyBaHH:M ja3epd 3 IHIIMMU TapaMeTpaMu MPOMEHS

C. dapOyBaHHIM IMOBEPXHI 3aTrOTOBKH

D. narpiBaHHsSM 3aroToBKH a00 11 MOBEPXHI.
7. Ha o BUTpavaeThcsl HOMIMHYTA YaCTHHA TEIIOBOI €HEPTii, [0 YTBOPUIIACS B 3arOTOBLI B pE3yJIbTaTi il
OTPOMIHEHHS?

A. Ha pylHYBaHHs MaTepiaiay 3arOTOBKH

B. Ha po3msaryeHHs marepiany 3aroTOBKH

C. Ha MOKpaIIeHHs BIaCTUBOCTEH MaTepiary 3aroTOBKH Ta i1 IIOBEpXHi

D. Ha mocnigoBHICTH SIBHIIl B MaTepiai 3arOTOBKH.
8.  SIkum 9yMHOM MOYKHA KepyBaTH XapaKTEpOM Ta BUIOM (HOpPMYBaHHS 0OPOOITFIOBATEHOI TOPOKHUHU
BHACJIIJIOK TETJIOBOTO PyIHYBaHHs MaTepialy 3aroTOBKH B 30H1 [ii TEIJIOBOTO HKEpesia, CTBOPEHOTO B
PE3yJIBTATI JTA3EPHOTO OMPOMIHCHHS?

A. TpUBAJICTIO ONPOMIHEHHS

B. iHTEHCHBHICTIO B 30HI ONTPOMiHEHHS

C. ymoBaMmu po3TallyBaHHS IPOMEHS Ta 3arOTOBKH

D. BiAmoBigHUM MOETHAHHSIM BIACTUBOCTEH BUITPOMIHIOBAHHS Ta MaTepialy 3arOTOBKHU.
9.  Illo xapakTtepusye koediuieHT norauHanHs o byrepa — JlamGepra?

A. KUIBKICTh IOTJIMHYTOI €HEeprii MaTepiajoM 3aroTOBKH BiJI Aii iIMITyJIbCY
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BUIIPOMIHIOBaHHS
B. po3nonis moTyXKHOCTI BUIIPOMIHIOBAHHS Ha TTOBEPXHI 3arOTOBKH
C. po3Mip momnepeKky HOpOKHUHH, 110 00POOIISETHCS
D. rnmGuHa NOpOXKHUHM, IO 0OPOOIIETHCS.
10.  SIxwmii eTan TEmIOBOrO MPOILIECY, IO PEai3yeThCS MiJ] Yac OMPOMIHEHHS 3arOTOBKH, MPOITYIIICHE Ha
cxemi?

‘ OrpoMiHEHHA 3320MiskL

lonizayin npunoeepxHeeozo
wiapy 2a3y abo doexinna

@izuyHl ma xiMiuki Feua
Ha MosepxHi 3a2o0misxu

T

HaapisanHa nogepxHi 3azomisku ‘

dopMyeaHHA mennoeozo dxepena
sHacmidox mennonposioHocmi

|

‘ QopMysaHHA nnaaMoec2o dxepena }——‘ HazpieaxHA Mamepiany 3azomieky

! |

Mexaniusuil iMayrsc nasneHyA Mamepiarny y Mexax
I3OMEPMU MNASMEHAS

|

‘ BunapoeyeaHHa Mamepiany

|

‘ OxonodweHHA Mamepiany

|

OmeepditHa Mamepiany

|

DOpMysaHHA ons
3aMULUKOBLX HaMPYXeHs

@opMysarHA Mo
MeMIepamypHUX HanpyxeHs

R

A. BUTIAPOBYBaHHS MaTepialy 3arOTOBKH

B. ¢dopmyBaHHS 10 TEMIIEpaTypHUX HANPYKEHb

C. HarpiBaHHs MaTepiaiy 3arOTOBKH

D. mornuHaHHS eHeprii BUIPOMiHIOBaHHS IIOBEPXHEIO 3arOTOBKH.
11.  SIxwii eTamn TEMIOBOTO MPOLIECY, IO PEai3yeThCS MiJ] Yac OMPOMIHEHHS 3arOTOBKH, MPOITYIIICHE Ha
cxemi?

‘ OnpoMiHeHHA 3a20Mmigky

loHizauia npunosepxHeeozo O2MUHaHHA eHepail aUNPOMIHIaHH. @i3LUYHI ma XiMiYHI AeuLla
wapy eady abo doskinng MoBEDXHEN 3a20Misky Ha noeepxHi 3a20misKy

@opMyeansHA mennoeoso dwepena
eHacnidox mennonpoesidHocmi

‘ DopMysaHHA MaaMogoso dwepena }——{ Haazpieanna iany 3asomiakl

‘ MexariyHull iMaynsc

DopMysaHHA Mons
MeMIepamypHLUX HanpyweHs

lMnaeneHHA Mamepiany ¥ Mexax
[30MepMU MTaaneHHs

:

‘ BunapoeyeaxHa Mamepiany

:

‘ OxonodweHHA Mamepiany

&

‘ OmeepdiHHa Mamepiany

&

DopMyeaHHA Mnoma
3ANULUKOBLY HaNpyXeHs

BUTIAPOBYBAHHS MaTepialy 3aroTOBKU

(bopMyBaHHS MOJIS TEMITEPATYPHUX HAPYKEHb

HarpiBaHHS MaTepiaily 3arOTOBKU

MIOTJIMHAHHS €HEPTii BUIIPOMiHIOBaHHS IIOBEPXHEIO 3aTOTOBKH.
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12.  SIkwii eTam TemIoBOro MPOIIECY, IO PEaTi3yEThCS TiJ] Yac OMPOMIHEHHS 3arOTOBKH, MIPOITYIIICHE HA
cxemi?

MOTJIMHAHHS €Heprii BUMPOMIHIOBaHHS MIOBEPXHEIO 3arOTOBKU
BUTIAPOBYBaHHS MaTepialy 3arOTOBKU

(hopMyBaHHS M0JIsI TEMIIEPATYPHHUX HANPY>KEHb

HarpiBaHHs MMOBEPXHI 3arOTOBKH.

Cawp

‘ OnpoMIHEHHA 3a20miaku ‘
loHizauis npunosepxHeaozo lDaUHaHHA EHEpE SUNDOMIHISaHH. @izuyHi ma XiMIYHI AsULLE
wapy za3y abo doexinna NoBEDXHER 3a20MiaKU Ha noeepxHI 3azomiaky
Bopyeatia mennosozo dxepena HagzpiearHa nosepxHi 3azomiexu
aHacnidox mennonpogidHocmi

, . - DopmysarHa Nons
DopMysaHHA Mitasmoeoeo dxepena HazpieanHs Mamepiany 3azomiaxu
MeMITEpamypHUX HanpyxeHs
Mexanianud imnyrisc lMnaenens mamepiay y Mesxax
i30mepMuU nnasneHHnA

'
;

‘ OxonodweHHs Mamepiany ‘

;

‘ OmeepdiHHa Mamepiamy ‘

i

DopmyeaHHa nona
FAMULUKOBUX HaMDyMeHs

13.  SIkwii eTam TemIoBOro MPOIIECY, IO PEaTi3yEThCS TiJ] 9ac OMPOMIHEHHS 3arOTOBKH, MPOITYIIICHE HA
cxemi?

HarpiBaHHS IIOBEPXHi 3arOTOBKU

(opMyBaHHS M0JIs1 TEMIIEPATYPHUX HANPYy>KEHb

MOTJIMHAHHS €HEepTii BUPOMIHIOBaHHS IIOBEPXHEIO 3arOTOBKU
BUIIAPOBYBAHHS MaTepialy 3arOTOBKU.

onw»

‘ OnpoMiHEHHA 3a20mieku

IoHIZAUIA NPUMOBEPXHESOZ0 02M1UHAHHA EHEDET BUNPOMIHIBAHHS @i3uyHI ma XiMiYHi AsuLa
wapy 2a3y abo dosxinng nogepxHen sazomiaxy Ha NosepxHi 3a20miaku

DopMyaaHHa menioaozo dxepena . 3 :
; g g HaapigaHHa nosepxHi 3a20mieku
‘ SHACNIOOK MennonposioHocmi P p

‘ QopMy&aHHA MTasMoe0z0 Oxepena }——{ HazpigaHHa Mamepiany 3a2omisku

& )

‘ MexanisHul immymse ‘ TnaeneHHs mamepiany y Mexax

I30mepMu nnasneHHs

|

‘ BunapogysaxHa Mamepiany

|

‘ OxonodxeHHA Mamepiamy

|

‘ OmeepaiHHA Mamepiary

|

‘ DopmMysaHHg nona

JaNUIUKO8UX HanMpyxeHb
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14.  SIxwii piBeHb IHTEHCUBHOCTI JIA3€PHOT'O TIPOMEHS HA TTOBEPXHi 3arOTOBKH JOCTATHIH I pyHHYBaHHS
3aroTOBKH 13 MeTaTy?
A. Ip~10° Br/cm?

B. I, ~ 10* Br/cm?
C. Ip~ 100 Br/cy?
D. I,>10° Br/em?.

15. SIxi TexHIYHI Ta CUTYaTHBHI JIaHHI TTOBUHHI BPaXOBYBATHCSI TEXHOJIOTOM TTPH TIPOESKTYBaHH1
TEXHOJIOTTYHOI oTlepallii Ja3epHoi po3MipHOi 00poOKu?
A. rtexniuHe 3apnaHHs (T3) Ha onepariro (XapaKTepUCTUKU 0OPOOIIOBAIIBHOTO E€IEMEHTY

Ta BUMOTH JI0 HOTO SKOCTI)
B. pi3HOMaHITHI BIaCTUBOCTI MaTepially 3aroTOBKH (MeXaH14H1, TeIUI0(i3UYHI Ta XIMiYHi)
C. po3MipHi XapaKTepHCTUKHU 3aTOTOBKH, 1 00’ €MHa (hopMa Ta SKiCTh CTaHy OBEPXHI, /1€
Oyne 0OpoOITroBaTHCS €IICMEHT
D. T3, mpupo/Hi BIaCTUBOCTI 3arOTOBKH Ta ii Marepiay.

16. Slkum npencTaBisieThC NEPIIUHN eTarl IPOLEAYPHU MPOSKTYBAHHS TEXHOJIOTIUHOI OTeparii?
A. BUKOHATH EKCIIEpUMEHTAIIbHI CIpOOM BUTOTOBUTH 33/IaHUN €IEMEHT 3aroTOBKH 3a

PI3HUMHU MeTOJIaMu 0OPOOKHU
B. BHKOHaATH NOUTYK MPUKJIA/IiB BUKOHAHHS MMOAI0HIX ONepaliii 3a JitepaTypHUMH JaHUMA
C. mpuitHATH pIlICHHS BUKOHAHHS orepallii Ha ToMy oOJjagHaHHI, sIKe € B HasBHOCTI
Ha BUPOOHUIITBI
D. mpoananizyBatu TEXHIYHI Ta €KOHOMIYHI MOKA3HUKH KOHKYPEHTHUX METO/11B 0OPOOKH.

17. Slkuii eran NpOEKTYBaHHS TEXHOJIOTTYHOI Omepallii He € 000B’I3KOBUM, a 3aCTOCOBY€ThCS JIUIIIC B
€KCTPaopIMHAPHUX BUMAKaX !
A. mepumii — Bubip MeTory 0OpoOKH e1eMEHTY 3a/laHuX MMapamMeTpiB y oOpaHiii 3aroToBII1

B. moctuii — 00paHHs METO/1B HAJIAIITYBaHHS J1a3epHOi TEXHOJIOTTUHOI yCTaHOBKU

C. BOCBHMHIA — OLIIHKAa €EKOHOMIYHOI €()eKTUBHOCTI PO3pOOJICHOT TEXHOIOTTUHOI onepartii
D. cromuii — po3poOKa 101aTKOBHUX 3aC00IB Ta METOAIB BAOCKOHAJICHHS IIPOIECY OOPOOKH.

18.  Jlo siKoi KUIbKOCTi TEXHOJIOTIYHUX CXeM (POpMYBaHHS €IEMEHTIB PO3MipHOI (TIperm3iifHol) 00poOKu
MO>KHA 3BECTH YCl CXEMH, 1110 3aCTOCOBYIOTHCS Y TPAKTHUITI?
A. 1o 6e3KiHeYHOI KIIbKOCTI

B. 1o omniel
C. 1o gBox
D. 1o TpboX.

19. 3a sxuMu IUIsIXaMu ~TOTYIOTE JIa3epHHUNA POMIHb Tl BAKOHAHHS HUM (DYHKITIT 3arOTOBKH
00pOOIISI0YOr0 THCTPYMEHTA TEXHOJIOTIYHOT Omepartii?
A. 3MiHEHHSM KOMITOHOBKH JIa3€PHOT TEXHOJIOTTYHOI YCTAHOBKH 1 TEXHOJIOTTYHOTO MOIYJIS
B. 3actocyBaHHSM 30BHIIIHBOT ONTUYHOI CUCTEMH JIsi HAaJaHHA MPOMEHIO MOTPIOHUX
BJIACTHBOCTEN
C. oOpaHHAM BIANOBITHOTO TUITY Ja3epa 3 HAOMMKEHUMH JI0 TOTPed XapaKTepUCTUKAMU
IPOMEHS
D. nanamTyBaHHSM pe3oHaTOpa Jasepa (Moro JOBKMHH Ta BUAOM J3€pKall) /Uil HaJaHHS
MIPOMEHIO MMPOCTOPOBUX (PO3MIPHHUX Ta KYTOBHX) XapaKTEPUCTHK, MOTPIOHUX JJIsT HOTO
NepeTBOPEHHS B POOOYMI IHCTPYMEHT.
20. B sKux BUMajKax BUKOPUCTOBYETHCS OOPOOKa MOPOKHUH ‘B OJVDKHIN 30HI™?
111 0OpOOKM TIOPOKHUH CKJIAZIHOTO MOMEPEKY Ta BEIUKOI TTTHOMHU
JUTs1 JOPMYBaHHS TOYHHMX 32 PO3MIpaMu, ajie MPOCTHX 3a (POPMOIO OTIEPEKY MOPOKHUH
U1t pOpMYBaHHSI TOPOKHHUH IIMITTHAPHUYHOT (hopMu
B pa3i moTpebdi BUTOTOBIICHHS HETJIMOOKHWX TOPOKHHMH TOYHHUX 3a PO3MIpaMH Ta
NPaBUWIBHUX 32 IMOMEPEKOM MPOCTUX MOPOKHUH (OTBOPIB) Ta CKJIATHUX 3a (OPMOIO
(IPSIMOKYTHI OTBOPH Ta HEKPYTIIO1 popmn).
21. 3a sKOr0 TEXHOJOTIYHOK CXEMOIO peai3yeThcs 00poOKa “‘B OJIVDKHIN 30HI™?

cCawp
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oNwy

3a CBOEIO CXEMOIO
3a CXE€MOIO0 KOHTYPHOT'O BHpi3aHHS MPOo(]III0 MOpOKHUHH (cXema 2)

3a KOMOIHOBaHOO cXeMolo (cxema 3)

3a cxeMo1o 1 3 mpodiTFOBaHHSM MONEPEKY MPOMEHS Ha PiBHI MTOBEPXHI 3aTOTOBKH.

22.  SIxi OCHOBHI TEXHOJIOT14HI 3aBJ[aHHS BUPIIIYIOTHCS Y aKTHBHIN MPOEKIIiHHIN cXeMi 00poOKU y

“OmypKHIN 30H1"?
A.
B.

CKOpPOYYETHCSI IIISAX MIPOMEHS JI0 3aTOTOBKH
CTBOPIOETHCS MOJKJIMBICTH ONEPATUBHOIO 3MIHEHHSI TPO(UIIO MMOPOKHUHH, Ky Tpeda
00pobIIATH

€ MOXIIUBICTh 3MEHIIYBATH KyT PO3XO/DKEHHS JIA3€PHOTO TPOMEHS BUKIIOYCHHSM
TUQpakifHUX SBUIL HA BUX1HOMY J3epKaji pe3oHaTopa

3MEHIIYIOThCSI BUTPATH €HEprii HakadyBaHHS aKTUBHOTO CEpEJIOBHINA BHACIIIOK
npoiTIOBaHHS TMOMNEPEeKy MPOMEHST B PE30HATOPI 1 BIACYTHOCTI OOpi3aHHS 3aliBHX
YaCTHH MOTIEPEKY.

23.  SxuMu OUISIXaMH MOKHA 30UTBIIUTH PO3MIPH TOTIEPEKY KPYTIIOTO OTBOPY, KU MOXKE OyTH
00po0IeHui Ha cepiitHil (3BUYaliHII) JTa3epHii yCTaHOBIII?

A.
B.

D.

301UIBIICHHAM TONIEPEKY 30HU ONPOMIHEHHS ONTUYHUMHU METOJJaMU

TPENaHAIli€l0 B3JJ0OBX KOHTYpPY MOPOXHUHH TEPETBOPEHHSIM HPOMEHS y ITyCTOTIIHH
1HCTpYMeEHT (0€e3 BiIHOCHOTO MEPEMIIEHHsI OCTAHHBOTO Ta 3aTOTOBKH)

CKaHyBaHHSAM MIPOMEHS B3JOBX KOHTYpPY TIOPOXXHHMHH IIISIXOM IPOTPaMHOTO
MIEPEMIIIEHHS CTOY i3 3arOTOBKOIO0 200 ONTHYHOI CHCTEMHU

BUKOPHCTaHHSAM HPHUCTPOIB JOAATKOBOTO TIEPEMIIIEHHS NPOMEHS B3JIOBX KOHTYpPY
OTBOpY (CKaHYBaJIbHI CUCTEMH).

24.  SIkuM 9MHOM 3aJICKUTh MOB3/IOBXKHIM TPO(iIh HEHACKPI3HOT TOPOKHUHH (OTBOPY) Bl BIZITHOCHOTO
TIOJIO’KEHHS KayCTHKH TIPOMEHS Ta 3arOTOBKHU?

A. mpodink OTBOPY KOIIIOE MPOPiIh KAyCTHKH TPOMEHS
B. mpo¢inas oTBOpY HE 3aJIeKHUTH BiJ] MOJOXKEHHS KayCTHUKHU Ta 3arOTOBKH B B3J0BXK OC1
IPOMEHS
C. mpodine npuiiMae ¢GopMmy HpSIMOro KOHYCYy MpHW 3ariuOJIeHHI MPOMEHsS B TLIO
3aroTOBKHU Ta 3BOPOTHINM MPH PO3TaITyBaHHI 11 MOBEPXHI 3a MEPETHKKOIO KayCTHKU
POMEHS
D. mpodine oTBOpY, MOYMHAIOUM 3 JAJIEKUX 3MIIICHb MOBEPXHI 3arOTOBKH 3 PIBHSA
NEepeTsLKKM B OOMIBI CTOPOHHU, Ma€ MpsAMYy KOHIUHY (opMy, fKa HEpeXOAuTh B
MWTHAPUYHY TpU TPUOIIDKCHHI TOBEPXHI JO TEPEeTsDKKH, ajie HaWriuoie
YTBOPIOIOTbCS OTBOPU TpH JAesikoMy ii 3ariuOnenHi (Ha 2 — 3% Big (oxycHoi
BiJICTaHI JIiH3M) NTpH (POPMYBaHHI y IIbOMY.

25. 3a sSKUM METOAO0M 00pOOKH TOCATAETHCS [ITIHAPUIHUHN TPOdLITE OTBOPY (TTOPOKHIHU)?

A. B pa3i 00poOKH TOHKHX 3aroTOBOK (DOKYCHY BiJICTaHb 301IBIIYIOTH A0 (POpMyBaHHS
y KayCTHUKH MOABINHOI NOBKUHU Pernest O11bI101, Hi>K TOBIIMHA 3aTOTOBKU

B. nmoomparroBaHHSIM OTBOPY IUISIXOM HOTO KaJiOpyBaHHS ITyaHCOHAMHU

C. nwripyBaHHAM TOPOXHHMHU BUTBHUM aOpa3svBOM JJIsi 3MEHIICHHS PI3HHUII MiX
BXOJIOM B OTBip Ta BUXOJIOM 3 HBOTO

D. 3acrocyBaHHSIM CXEMH OIpPOMIHEHHS KAayCTHKOIO LWIHIpUYHOI  (opwmu,
po3TamoByro4n (HOKyCyrouy JIIH3y Ha NUIAXY MpoMeHs Ha Biactani 1 = D/ Big
BUIIPOMIHIOBaYa.

26. Slkuii METOI BU3HAYEHHS PEXKHUMY JIa3epHOT po3MipHOi 00poOKky BaMuy BBOKAOTHCS KpaIuMy

(TOUHIIIMMHU B pe3yJIbTaTax, JErIUMH Ta OUCTPIIIMMU B peai3arlii)?

A. aHaNITUYHUHN 3 BUKOPUCTAHHSAM (PiI3MUHUX 3aJICKHOCTEH Pe3ysIbTaTiB 00OpOOKHU Bij
Habopy piBHIB mapameTpiB 0OpoOKU

B. ekcnepuMeHTaIbHHI, B SIKOMYy BHKOPUCTOBYIOTHCS TaOiau4Hi abo rTpadiuni
3aJIeKHOCTI pe3ysIbTaTiB 00poOKH Bifl piBHIB apamMeTpiB 00poOKu

C. xoMOiHOBaHHWi, 3a SIKUM KOPHCTYIOTBCS METOJIOM b. i1 BU3HAYEHHS PEKUMY
00poOKM OJM3BKOTO 10 3aJaHOTO EJIEMEHTY 3a MOro pO3MIpHMMH 1 I1HIIUMHU
MOKAa3HUKAMHU Ta YTOYHEHHS [IbOTO

D. pexumy 10 KOHKpeTHHX BUMOT T3 3a MeTO/I0M a
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E. ekcnepuMeHTaIpbHMA METOA 3 MaTeMAaTHYHUM MOJICITIOBAHHSAM IIPOIECy 3a
30BHINIHIMH TIPOSBJICHHSIMH HOTO TeYii Uit TMOOyJAOBH SIBHUX MOJCICH st
KOKHOT'O TTOKa3HUKA OTepallii.
27.  Slkwii 3araibHO BiIOMUM (Di3MYHMI 3aKOH(M) BUKOPUCTOBYIOTH Maike BC1 pO3POOHUKH aHATIITHIHUX
MPOTHO3HHUX MojieNnielt 00pOOKH JIa3epHUM MPOMEHEM PO3MIPHHUX €JIEMEHTIB B 3arOTOBIII?
A. (CHOMEHOJIOTIYHY MOJICNb YTBOPEHHSI OTBOPY MPOMEHEM 3 KayCTUKOK KOHIYHOTO
npodinto
B. 3aKoH BCECBITHBOTO TSKIHHS

C. 3aKOHOMIPHOCTI TEIUIOIPOBITHOCTI TBEPIUX TiJT
D. 3akoH 30epexeHHs eHeprii.

28. 3apaxXyHOK SKUX ITOCTYIIOK Ta 3yCWJIb BiJ JJa3epHUX TEXHOJIOTIB BueHOMY Steffen’y B 1979 p Bnasnocs
PO3pOOUTH [IFOUY 10 CHX TP METOUKY MPOEKTYBaHHS PEKUMIB JIa3epHOT pO3MIpHOi 00pOOKH MeTamiB?
A. CIpOIIEHHSAM TEIUIOBOI MOJEN pyHHYBaHHS METaliB HAaJAKPUTHUYHUMH PIBHAMHU

IHTEHCUBHOCTI B 30H1 OIIPOMIHEHHS
B. ypaxyBaHHSM piBHS IOTJIMHAHHS €HEPTil BUIIPOMiHIOBaHHS IOBEPXHEIO 3aTOTOBKH
C. yMOBHOIO HE3MIHHICTIO TEIUIO(I3NYHUX XapaKTEPUCTUK METANIIB BiJl TEMIIEPATypH
D. BHMKOHaHHSIM yMOBH CTa0ini3amii 4acoBOro peKuMy Mojadi €Heprii MpoMeHs B 30HYy
00pOoOKH.

29. 3a gKUM aIrOpUTMOM (TIOPSAKOM) BiIOYBA€THCS POSKTYBAHHS PEXXUMIB J1a3epHOI 0OpOOKH 3a
Steffen’om?

A. BHM3HAUYAIOTHCS PIBHI MAapaMeTPiB JIA3EPHOTO ONPOMIHEHHS Y HACTYITHOMY TOPSIIIKY:
IHTEHCHUBHICTh B 30H1 onpoMiHeHHsI Ip; immysbcHa eHepris E; TpuBaicTh iMImyibCy
T, JlaMeTp MpoMeHs Ha moBepxHi 3aroToBku d0; KyT po30ikHOCTI mpomeHs 0
dboKycHa BIJICTaHb ONTHUYHOTO TEPETBOPIOIOYOrO eJleMeHTy F; 30imbIeHHs
teneckomny [amines I', Ta BenmuunHa A Horo posnany
B. 1imnynecHa enepris E; TpuBamicTh iMIynbCy T; JlaMeTp NMPOMEHS Ha IMOBEPXHI
3arotoBk# d0; KyT po30iKHOCTI MpoMeHs 0; IHTEHCUBHICTh B 30HI onpoMiHeHHS Ip;
TPUBAJICTh IMIyJNbCy T, IlaMeTp NpPOMEHs Ha moBepxHi 3arotoBku d0; KyT
po30ikHOCTI mpomeHss 0; (okycHa BiACTaHb ONTHYHOTO TEPETBOPIOIOYOTO
enementy F; 30umbmenns reneckony ["amines I, Ta BenwunHa A #oro posnagy
C. niamerp mpoMeHss Ha moBepxHi 3aroToBku dO; KyT po30ikHOCTI mpomeHs 0
IHTEeHCUBHICTH B 30HI ONpoMiHeHHS Ip; iMmysbcHa eHeprist E; TpuBamicTh iMITyIIbCy
T, IiaMeTp MpoMeHs Ha moBepxHi 3aroroBku d0; KyT po30DKHOCTI mpomeHs O
(GOKyCcHa BIJICTaHh ONTHYHOTO IEPETBOPIOIOUOTO eleMeHTy F; 30UIbmeHHs
teneckomny [amines I, Ta BenuunHa A ioro po3nany
D. TpuBamicTh IMIyJbCYy T; IHTEHCUBHICTD B 30HI ONPOMiHEHHA Ip; iMIyIbCHA eHepris
E; miametp mpomeHst Ha moBepxHi 3arotoBku d0; KyT po30iKHOCTI mpomeHs 0
(GOKyCcHa BIJICTaHh ONTHYHOTO IIEPETBOPIOIOUOTO eleMeHTy F; 30UIbmeHHs
teneckomny [amines [, Ta BenuuuHa A Horo posnany.
30. Sxum ynHOM B pimneHHsX Steffen’a 3amad mpoekTyBaHHS peXXUMiB 0OPOOKH BPaXOBYEThCS
TEIIONPOBIIHICTh METANIEBUX 3aTOTOBOK Ta HEUTPAIII3y€eThCs 1i BIUIMB Ha MOB3IOBXKHIO (hOpMy 00pOOIECHOTO
oTBOpY?

A. 1i BIULIUBOM HEXTYIOThb

B. 30i7bIIyrOTh IHTEHCUBHICTH B 30HI ONIPOMIHEHHS

C. BHKOpPHCTOBYIOTH 0arato iMmyJabCHy 0OpoOKy OTBOPIB (ITOPOKHHH)
D. CKOpOYEHHSIM TPUBATICTIO OTMIPOMiIHEHHS.

31.  Yomy myis PpOEKTYBaHHS CKIIQHUX TEXHOJIOTIYHHUX OTeparliii, He3BaKArOUM Ha BIATICTh METOIUKU
npoekTyBaHHs Steffen’a, MponoHyeThCs BUKOPUCTAHHS EKCTIEPUMEHTATEHOTO METOITY TPOSKTYBaHHS?
A. HeIOoCTaTHsS TOYHICTh MPOEKTYBAHHS B 3B’SI3KY 3 JAECIKUMH CIPOILICHHSIMU MPOIIECY

pyHHYBaHHS MaTepiany 3aroTOBKH
B. HeMOXIHBICTh MPOEKTYBAaHHSA PEKUMIB 0OPOOKH 3arOTOBOK 13 HEMETaTIB
C. nesxi ymoBM (yHKIitoBaHHS Metonuku Steffen’a, npuifHATI TexHojIoramu 3
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nazepHoi 0OpoOKH, y TTPaKTHIIl alrapaTHO BaXKKO a0 HE pealli3yeEMHUMI 30BCIM
D. B Meroauti Steffen’a BpaxoByIOThCs JUIIE pO3MIpHI TOKa3HUKHA 00pOOIIOBATBHUX
€JICMEHTIB, TTOKa3HUKH SIKOCT1 Ta TEXHIKO-€KOHOMIYHI HE IPUIHSATI 0 yBaru.

32.  Yum OpUHIMIIOBO BIIPI3HAIOTECS METOIN KJIACHYHOTO (0OHO (DaKTOPHOTO0) EKCIIEPUMEHTY Ta TIOBHO
¢axropHoro ekciepumentyBanns (IIDOE)?
A. mepmuii — KIACUYHUN EKCIIEPUMEHT — HE MAa€ MPAKTUYHOTO QITOPUTMY IS
JOCSATHEHHS BUCYHYTO] Iepe]] HUM METH
B. mepmmwmii — mpu MojeMOBaHHI B 0araTo KOOPJAMHATHOMY MPOCTOPI Ma€ HECKIHYCHY
TPUBAJIICTh
C. B pe3ynbTaTi BUKOHaHHS MOJIEJIOBAHHS 33 KJIACHUYHOIO METOJIUKOI OTPUMYETHCS
Oarata KiIbKICTh OJHO (DaKTOPHHX MOJEJeH, sKi mpu o0’€THaHHI X B MOJENb
MPOIIECy, BTPAYarOTh 3pO3yMUIICTh Ta SIKICTh
D. koxHMH eTan AOCHIKeHb 32 MeTonuKoo [IDE KOHTPONIIOETHCS CTaTUCTUYHUMHU
MeToaaMH, TOMY (PeiKOBI aHHI OJIOKYIOTHCS Ta aJIrOPUTM BUIIPABISETHCS, TOOTO
TYNHKOBI CUTYallii BUKIIOYEH1
33. YoMy exkcriepuMeHTATIbHE TOCITIHKEHHS CKIIaJHUX TIPOIIECIB, SIKI ONMHMCYIOThCS OaraThbMa MoKa3HUKAMHU,
B [IOE BUKOHYIOTHCS B IBa €TANU: NEPEAIUIaHyBaHHS JOCTIPKEHb Ta IX BAKOHAHHS?
10 0 monepeHbo (MPUOIN3HO) BUSBUTH MOXKIMBOCTI METOIUKH
JUIS. OTPUMAHHS YaCTKH CKJIQJOBUX 3arajibHOi (hOpMHU MOJEII Mporecy 00pooKu
JUTSL TIEPEBIPKHU TIepeayMoB sl BUKOHaHHs [IDOE
JUIs IOOYJOBM 32 CIPOILIECHUMH IUIAHAMH PAHTOBHX Jliarpam IO BIUIMBY (haKTOpiB,
SKUMHU KEPYIOTh MPOIIECOM, Ha HOTO BUXITHI TOKa3HUKH.
34. Sxmo ronosHoro Bumororo 1o [IDE € 6e3ymMoBHa yyacTb ycix akTopiB B €KCIIEPHUMEHTI, 110 POOHTH
Horo Oe3kineunnm 3a TpuBaiicTio (N = n) Tomy, 110 KinbKicTs (axropis K 3a3Buuaii nepesuiiye 20, TO AKUM
IIUTSIXOM 1151 Tpo0ieMa HEUTPai3yeThes?
A. BuxopuctoBytoTh MeTOuKy [IDE B mpoctux 3amauax (ogHO- a00 ABOX- (haKTOpHI
JHIKWHI 3a7a41)
B. mmsxoM 00’e¢qHaHHS JAEKUTBKOX —€JIEMEHTApHUX (PaKTOpIiB Y CKJIATHI Ta
BapilOBaHHSAM OCTaHHIX
C. 3HeBarow YMHHHKIB, SKi Ha JYMKY JOCIIJHHKIB, CIa00 BILUTMBAIOTh Ha MPOIIEC, i
oOMexeHHS (JaKTOPHOTO MPOCTOPY THUMH, SIK1 JIETKO BaPIIOIOTHCS
D. BUKOHaHHSIM IIOCTABJIEHOI YMOBHM MOJKJIMBE OOMEKEHHS KUIBKOCTI KEPOBAHUX
YUHHHKIB 1 (pikcalii ycix 1HIIMX Ha MOCTIMHUX HAa Yac €KCIEPUMEHTY PiBHSX, 1100
HEeUTpasizyBaTH iX HEOUiKyBaHH BIUIMB Ha MPOLIEC.
35. o Bimpi3Hsie ekcriepUMEeHTaNbHI IaHu BpoACkKOro 3a X MOMKIIMBOCTSIMHU, YHIBEPCAIBHICTIO Ta
JIETKICTIO TUTAHYBaHHS 32 HUMH, TOOTO OpraHizailii eKCriepuMeHTy?
A. MOXIHBICTIO OYTH 3aCTOCOBAaHUMHU JJIsI AOCIIIXKEHHS MPOIIeciB J1I000T CKIaIHOCTI
B. gnerkictio ¢gopmyBaTH IUIaHM B MaTepialbHOMY (3 PO3MIpHHM CKJIQJIOM DiBHIB
dakTopiB) BUTIIAIL
C. cmporeHa nporeaypa CTaTACTHYHOTO aHAJI3y eKCIICPUMEHTAIBHIX JTAHUX
D. MOXNHBICTh CKJIaJaTH IJIaHH 13 (AKTOPIB PI3HOTO CTYMNEHs BIUIMBY Ha MOKAa3HUKHU
IPOIIECy JIOMYCKAI0Yd HECUMETPUYHI IHTEPBAIIM X BapiFOBaHHS.
36. Slxa indopmaltis Ipo mporiec, sIKuii Oy/1e JOCTiKYBaTHUCS, BAKOPUCTOBYETHCS NP CKIIaaHHI IIaHy
EKCIIEPUMEHTY, B TOMY YHCJIi TIPH BU3HAYCHHI HOTO PO3IIUTHHIN 37]aTHOCTI Ta KUTHKOCTI ()aKTOpIB, SIKUMU BiH
KepyeTbes?

cSawy»

A. pesynapTaTH TOnepenHiX ab0 BHKOHAHUX EKCICPUMEHTIB 3a KIACHYHOIO
METOAMKOIO

B. po3paxyHKH MNpOrHO3HMX JaHMX 3a AHATITUYHUMHM MOJEISAMH, SIKI ONHCYIOTh
JOCIIKYEMUH MPoIiec

C. BHMAAKOBUM OOpaHHIM PiBHIB (PaKTOPIB Ta X KUIBKOCTI

D. nani paHroBux Jiarpam Juis MOKa3HHKIB omnepartii, 3an1anux B T3 Ha oCTaHHIO.

37. B sikoMy NOPSIKY pO3TaIoBaHi (JaKTopu, SIKUMH KepyIOTh IPOoLiecoM 00pOOKH, 3a BIUIUBOM Ha JliaMeTp
otBOpy d?

A. 0o,Marep, F, Dg, 1, E, AF
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B.
C.
D.

F, 8, AF, 1, Dn, Matep, E
F, AF, Dn, Marep, 0, E, 1
E, AF, F, 8, Marep, Dn, 7.

38. B sxoMy nmopsiiky po3raiioBaHi (pakTopH, SKHMH KEPYIOTh MPOIIECOM 00POOKH, 32 BILTMBOM Ha

ITIMOVHY JTyHKH (HEHacKpizHOro otBopy) h?

A.
B.
C.
D.

F, E, N, AF, Marep, Dn, 1
E, N, AF, F, Marep, Dn, t
AF, F, N, E, Marep, Dn, t
F, AF, E, Martep, Dn, 1.

39. B sikoMy IOPSIKY PO3TaIoBaHi (hakTopH, IKUMH KEPYIOTb IPpoLecoM 00pOOKH, 3a BIUTMBOM Ha

TIOB3JIOBXKHIO (POpMY JTYHKH, HAIPHKJIIa]l, KOHYCOMOAI0HICTIO K?

A.
B.
C.
D.

AF,Dn, 0, E, F
F, 0, AF,Dn, E
AF,E, F, Dn, 0
F, AF, 0, E, Dx.

40. 3a KM MOPSAKOM TIOBHHHA BUKOHYBATHUCS MPOIIEYPa BU3HAYCHHS ONTUMAIIBHUX PEXKUMIB
TEXHOJIOTTYHOI OTepallii J1a3epHoi 0OpOOKH OTBOPIB B pa3i HEOOXTHOCTI 3a0€3IEUNTH 33 JaHUI PIBSHB JIUIIIC
OJTHOTO X MOKa3HHKa (OHOKpUTEpialIbHA 3a/1a4a) EeKCIIEPUMEHTAIbHUM MeToZoM Ha 6a3i [IOE?

A.

MOCTYJIFOBAaHHS BUAY MOJETl, OOMEXYIOYH KUIBKICTh B3a€EMOJIA 30pPOBUM
[NIy370M; HepeBipka aHaJITUYHUM a00 eKCIEePUMEHTAJIbHUM IUIIXOM TapaHTiio
CTBOPEHHSI OTBOpPY 3aIUIAaHOBAHOTO BHAY (OTBOPY YW IJIyHKH) y HaWOUIbII
KPUTUYHHUX €KCIIEPUMEHTAJIBHUX TOUKaX; peani3allis eKCIepUMEHTY 3 BUKOHAHHIM
MEPEeBIPOK BIAMOBIMHUX MEPEAYMOB Ta CTATHCTUYHOIO OOPOOKOI0 OTPUMaHHX
(bakTUYHUX JaHUX; 13 OTpUMaHOi MareMatuyHoi moneni Buny Y = f (X1, X2...Xn)
BU3HAYAIOTh CIIOJydeHHS piBHIB (AaKTOPiB, sIKE€ HEOOXITHE ISl JOCSITHEHHS
MOKa3HUWKA 3aJaHOro piBHSA, TOOTO TpHpiBHIOIOUM Y = Y3al, TUM Yd I1HIIUM
METOI0M

dbopMyBaHHS KOOPAMHAT Ta MEX 1X 3MIHIOBaHHS B €KCIIEPUMEHTI Ha 0a3i aHami3zy
paHTOBOI jJiarpamMul Ui TIOKa3HWKA, SKWA BCTaHOBICHO Y T3; BCTaHOBJICHHS
PO3AUTBLHOI 3AaTHOCTI MOJENi Ui 0OpaHuX Kepyrodux (aKToOpiB; MOCTYJIIOBAHHS
BUJYy MOJEI, OOMEXKYIOUH KUIBKICTh B3a€EMOJII 3OPOBUM TIIY3JI0OM; TEpEBipKa
aHAJITUYHUM a00 EKCIEePUMEHTAIbHUM IIJISXOM TapaHTII0 CTBOPEHHS OTBOPY
3aITAaHOBAHOTO By (OTBOPY UM JIYHKH) Ta PO3MIPY Y JCSIKHX €KCIIEPUMEHTAIBHUX
TOYKaX

MOCTYJIFOBAaHHSI BULy MOJIEJ, OOpaHHs TUTaHy €KCIIEPUMEHTY Ta HOro peanizarfis 3
BUKOHAHHSM TIEPEBIPOK BIAMOBIIHUX MEPEIyMOB Ta CTATUCTUYHOIO OOPOOKOIO
OTpUMaHUX (PaKTUYHUX JaHUX; 13 OTPUMaHOI MaTeMaTu4yHoi moneni Buay Y = f
(X1, X2...Xn) BHM3HAuUalOTh CHONy4YeHHS pIiBHIB (PAKTOPIB, sIKE HEOOXigHE s
JOCSATHEHHS TIOKAa3HHMKA 3a/IaHOTO PiBHS, TOOTO mMpupiBHIOOYN Y = Y3aj, TUM 4H
IHIIUM METOIOM

(dopMyBaHHS KOOPIMHAT Ta MEX iX 3MIHIOBAaHHsS B €KCIIEPUMEHTI Ha 0a3i aHamizy
paHroBoi jiarpaM JUIsl TOKa3HUKA, sKUM BcTtaHoBieHO Y T3; BcTaHOBIEHHS
PO3IIIBHOT 3AaTHOCTI MOJENi Al 0OpaHuX Kepyrounx (PakTopiB; MOCTYIIOBAHHS
BUIY MOJENi, OOMEXYIOUH KUIbKICTh B3a€MOJINA 3M0POBUM TIIYy3/I0M; MepeBipkKa
AQHATITHYHUM a00 EKCIePUMEHTAIbHUM IIISIXOM TapaHTII0 CTBOPEHHS OTBOPY
3alJIaHOBAaHOTO  BUAY (OTBOpY YW JIyHKHM) y  HaWOUIbII  KPUTHUYHHUX
eKCIePUMEHTAIBHUX TOUKAX; OOpaHHS TUTaHy €KCIIEPUMEHTY Ta Horo peamizaris 3
BUKOHAHHSM TIEPEBIPOK BIAMOBIIHUX MEPEIyMOB Ta CTATUCTUYHOIO OOpPOOKOIO
OTpUMaHUX (PaKTUYHUX JaHUX; 13 OTPUMaHOI MaTeMaTu4yHoi moneni Buay Y = f
(X1, X2...Xn) BH3HaAuUalOTh CHONy4YeHHS pPIiBHIB (PAKTOpPIB, sIKE HEOOXigHE s
JOCSATHEHHS TIOKAa3HMKA 3a/laHOTO PiBHS, TOOTO MpuUpiBHIOOUM Y = Y3aj, TUM 4H
IHIIIUM METOIOM.

41. 3a gKUM NOPSIKOM TIOBUHHA BUKOHYBATHCS TIPOLIEAYpa BU3HAYECHHS ONITHMAJIbHUX PEKUMIB

TEXHOJIOTTYHO] Orepallii Ja3epHoi 00pOOKH OTBOPIB B pa3i HEOOXITHOCTI 3a0€3MEUNTH 3a/ITaHUI PIBESHD
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JIEKUIbKOX 1X MOKa3HUKIB (OaraToKpuTepiaibHa 3a/1a4a) EKCIEPUMEHTAIbHUM MET0JI0M Ha 6a3i [IOE?

A.

00'eTHAHHSI OKPEMHUX ITOKA3HUKIB B €IUHHUHA TMOKAa3HWK, BH3HAYCHHS KOMILIEKCY
¢axTopiB, sfKi BIUIMBOBIII Ui KOXKHOTO 3 HHUX Ta peajizallisi eKCIepHUMEHTY 3
BU3HAYCHHSIM 3aJIKHOCTI 3arajJlbHOrO0 TIIOKa3HWKAa BiJ OOpaHOro Mepesiky
(bakTopiB, IKUMH KEPYIOTh MPOIIECOM 00POOKH; 3 O/I€pP’KAHOI TAKUM YMHOM MOJEi
MPoIIeCY METOJAaMH aHATITHYHOI T€OMEeTpii BU3HAYAIOTh MOTPiIOHI PiBHI KEPYIOUHMX
daxTopiB

MOJICITFOBAHHS TIPOIIeCy 0OpOOKH BITHOCHO TIOKA3HMKIB, BEJTMYMHA KX 0OMEKeHa
T3 Ha omeparito 3a aaropuTMOM MOJICIIOBAHHS OJHOKpUTEpialbHOI 3amadi 3
00paHHSAM B SIKOCTI KEPYIOUMX (PaKkTOpiB THUX 3 BIJMOBIIHUX PAHTOBHX Jiarpam, siKi
HAMBIUTMBOBIIII JJI1 KOKHOTO 3 HOPMOBaHMX MOKAa3HHUKIB; BUKOPUCTOBYIOUU KOXKHY
MOJICNIb OKPEMO, BHU3HAUYalOTh HA0OpH KEpYHUmX (aKTOpiB s KOXKHOTO 3
NOKAa3HUKIB 3 HACTYNHUM OO0 €JHAHHSAM OKpEMHUX TPyl peXHUMIB B OJMH,
KOPUTYIOUH iX MPOTHIICKHI BIUTMBH HA TIOKa3HUKH STKUMOCH YHHOM

JUIs HOPMOBaHUX IOKa3HUKIB OTBOpiB B T3 Ha omepamito oOuparoTh CBI HUIAX
JIOCSTHEHHS 11 3a/IaHOTO PIBHA, B TOMY YHCJ 1HIIMMH MeTOAaMu OOpoOKH abo
JOOMPAIIOBaHHS 00POOJIEHUX OTBOPIB, TOOTO pO30MBAIOYM OMEPAIli0 HA JEKiTbKa
CKJIaJIOBHX

MO/ICJIFOBAHHS MpoIiecy 0OPOOKHU BiJTHOCHO MOKA3HUKIB, BEJIMYMHA SIKUX OOMEXeHa
T3 Ha omepariro 3a aJIropuTMOM MOJIEITIOBAHHS OJHOKPUTEpiabHOI 3ajadi 3
0OpaHHSM B SKOCTI Kepylounx (DakTopiB THX 3 BiJNOBIIHUX PAHTOBHX Jiarpam, siKi
HaWBIUIMBOBIII JIJIT KOKHOTO 3 HOPMOBAHUX TOKA3HHKIB; OJCp>KaHI TaKMM YHHOM
MOJIeNl TIpoLecy 00 €IHYIOThCSI B €IMHY MaTeMaTHYHy MOJENb 3a OOpaHOIo
METOJMKOIO ONTUMI3aIli (HalpuKia, 3 y3araabHeHOI (yHKIi€o 0akaHOCTi, a0o
yepe3 mrpadHi GpyHkii, a0 3 BUKOPUCTAHHSAM MHOXHHKIB Jlarpanxa); MeTogamu
AQHAJITUIHOI TEOMETpii 3 €aWHOI MOJENl MPOIeCy BH3HAYAIOTh MOTPiIOHI pPiBHI
KepYIOUHX (aKTopiB.

42. o maeTncst Ha yBa3i B MOHATTI SKICTh 00pOOIEHOT0 OTBOPY MICIIS JIa3epHOi 0OPOOKH?

A.

B.

OOMEKEHHS TOJI PO3CISSHHS PO3Mipy OTBODIB IOJIEM JIOIYCKYy HA HBOTO MICH
00poOKH

30BHIIIHIA BUTJISAA OTBOPIB Ta MICIb iX pO3TAllyBaHHS Ha 3aroTOBIN 3 OIIHKOIO
BIJICYTHOCTI HaJMIAaHHS Marepiaay y BXOAy B HOTO IMOPOXXHWHY Ta BHILUICCKIB
3aCTUTJIOT0 MaTepiany 3 BUXiIHOI YACTUHHU OTBOPY

BIJIMOBIIHICTh (hOpMHU OTBOPIB (IX MOMEPEKY) TCOMETPUYHUM IX MPEACTABICHHIM
(kpyrie, 6aratorpaHse, iH.)

KOMIUJIEKC TTOKA3HHUKIB OI[IHIOIOYHMX TOYHICTh JIIHIMHUX Ta KYTOBUX XapaKTEPUCTHK,
BIJITIOBIJIHICTD MOMEPEKY Ta MOB3I0OBKHBOI (POpMH 3a7aHil, 00MEXEHY MOPCTKICT
CTIHOK OTBODPY, Ta HasBHICTh JIPOCCY Ta IpaTy Ha HOTO0 KPOMKax.

43. 3a sKuM OKAa3HUKOM ITOBMHHA TIOPIBHIOBATHCS TOUHICTb PO3MIpiB OTBOPIB, 0OPOOIECHHUX B PI3HUX
EKCIIEpUMEHTAITLHUX TOYKax Tuiany [IDE?

A.

B.

3a BEJIMYMHOIO TOJII PO3CISIHHS PO3MIpiB IMOMEPEeKy OTBOPIB MpHU OaraToKpaTHiH
MMOBTOPHOCTI orepailii 00poOKH B KOXKHIHM TOUIll eKciepuMeHTalIbHOTO Many [1OE
3a BIPOTIJIHICTIO PO3TAlIyBaHHS PO3MIpiB OKPEeMHX OTBOPIB Ha JiHIMHINA IIKaji B
MeKax TOJIs iX pO3CITHHS

32 BEMUYMHOIO PI3HUII MK HAWOUIBIIMM Ta HAalMEHIIMM 3 PO3MIpiB OTBOPIB B
00po06TeHiii mapTii BUpoOiB

32 BEJIMYMHOIO BIJTHOCHOTO PO3CISHHS PO3MIpiB B 00poOieHii mapTii BUpOOiB
(koedimienTa Bapiarii po3mipy vd ), IO T03BOJISIE€ TIOJIE PO3CISTHHS PO3MIPIB
MOPIBHIOBATH 3 HOMIHATBHHUM (4K OCEPETHEHUM) PO3MIPOM.

44. Y yoMy NOJISITarOTh B1IOMI OPUHIIUAIH PIllICHHS 0araTOKpUTEPIaIbHUX 3a/1a4 ONTUMI3aIli 00’ €KTIB?

A.

y TOLIYKY KOOpAMHAT B ()aKTOPHOMY IMOJI EKCTpeMalbHHUX 3HAYEHb MOJEIeH
OKpeMHX HOPMOBAaHHX ITOKAa3HHWKIB 3 HACTYIIHUM IX YCEpPETHEHHSM, IO MOXKE
NpUOIU3UTH MPOECKTYBAIBLHUKA [0 3araIbHOTO PIllIEHHS 3a7a4i ONTUMi3allil

B PO3MO/LJII MPOLIECY BUTOTOBJICHHS 33JaHOTO €JIEMEHTY BHpOOy Ha pi3Hi omeparii
MO3Ke 1 1HIII MeToaAu 00poOKH ab0 JOONPALIOBaHHS €IEMEHTY
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45.

46.

47.

48.

MOLIYK peXUMYy OOpOOKM 3aJaHOTrO €JIEMEHTY SIK OJHOKpUTEplalibHy 3ajady,
HaIPUKJIAJ, BITHOCHO PO3MIPHUX XapaKTEPUCTHK CIEMEHTY, 10 0O0pOoOIsIeThCs, a
BUMOTH OTPUMAaHHS IHIIMX TOKA3HUKIB omeparii 3a0e3neuyoThCs CreialbHUMH
BUJIaMHU  OpraHizamii  omepaiii, HampukiIaa, aganTUBHOIO (opmoro  abo
3aCTOCYBaHHSAM J0JATKOBOTO TEXHOJIOTIYHOTO OCHAIICHHS

BCUIAKUMHU 3YCWUIIMU TI€PEBECTH 3aJady B OJIHOKpUTEpiandbHy, 00’ €IHYIOUH
NOKAa3HUKK a00 MaTeMaTH4yHI MOJEN iX 3aJeKHOCTEeH BiJ Kepyrouux (akTopiB B
ennHy (QYHKIIO, MOIIYK KOOPAMHAT €KCTPEMallbHUX 3HA4YCHb IMMOKA3HUKIB MOXKE
OyTH BUKOHAHO 32 BiIOMHUMH aIrOPUTMaMU, Hanpukiaa, Xyka — J>kuca abo iH.

SIkuM YMHOM MOYKHA 00’ €/THATH TIOKA3HUKH PI3HOCTOPOHHIX XapaKTEPUCTHK OOPOOJICHHUX €IIEMEHTIB B
€IMHUI, TOCATHYTUH piBEHb SIKOTo OyJie rapaHTyBaTH OTPUMAHHS KpUTEpiaJbHUX 3HAYEHb JUIS YCIX
MOKa3HUKIB 3 T3

A.

SKIIO PI3HOCTOPOHHI XapaKTEPUCTHKH €JIeMEHTY MAaloTh OJHY pPO3MIPHICTB,
HANPUKIAJ, MKM, TO BOHH MOXYTh OyTH 00’€JHAHUMH B €JMHUN TIOKAa3HHUK 4Yepes3
TreOMETPUYHY 3aJICKHICTh MK HUMH, SIK 11€ 3p0OJICHO B MO/Ieli 301UIbIICHHS 00’ €My
JYyHKHA TIpH 11 OopMyBaHHI JIa3€pHUM IPOMEHEM Uepe3 CBITIOBUU KOHYC, SKHUMA
OB’ sI3y€ TIMOMHY Ta pajiyc TyHKH ((heHOMEeHOoIoriuHa Moienb Beiiko, JlibencoHa)
PI3HOPO3MIpHI TTOKA3HUKHA MOYKHO 00’€/THATH B €UHY apudMeTUYHy (HYHKIIIIO, 110
MiHIMI3y€ThCSl IPU ONTHMI3allii, IePEeTBOPIOIOYH iX B (DYHKIIIOHAIN HEB’SI3KU MIX
(aKTHYHUM 3HAYEHHSM TOKa3HMKA Ta HOT0 KPUTEPIEM SK iX PI3HHINO, 3BEACHY B
KBaJIpaT JIsl BAKIIOYCHHS BiJl’€MHHUX 3HaYCHb

PI3HOPO3MIpHI TTOKa3HUKHA MOKHA 00’ €IHATH B €IMHY apu(PMETHIHY (YHKIIIFO, 110
MIHIMI3y€TbCSI TpPU ONTHUMI3allii, MEPEeTBOPIOIOYM iX B KoedillieHTH Bapiawii
(GakTHYHMX 3HAYCHb ITOKAa3HUKIB B I1X KPUTEPiiB, 3BeIeHI B KBaApar s
BUKJIIOUYEHHS Bi/I’€MHUX 3HAYCHb

CTBOPIOIOYN 3aMiHY KOMIUIEKCY PO3MIPHHUX IMOKA3HUKIB OOPOOJIECHOTO €IEMEHTY Ha
CHCTEMY OLIIHOK iX HaOJIMKEHOCTI 10 33JaHOT0 PiBHSA KOKHOTO 3 HUX (HAIPHUKIIA,
3 IPUBATHUX (PYHKITIA OaKAHOCTI i,) 3 OOMEKEHHSM JOMYCTUMHX iX 3HAYCHb Ta 3
NOJANIBIIMM 00’ €JTHAHHAM Y y3araibHeHy (yHKIio OaxxaHocti D uepes ¢yHkIito,
IO JTO3BOJISIE BPaxOBYBaTH HAWMEHII, ajie IIe JOIYyCTHMi, 3HAYeHHS MPHUBATHUX
0a)KaHOCTEH.

[TpoananizyiiTe yMOBHU JIOCSATHEHHS OMYCTUMHUX Ta BUCOKHX PiBHIB 0€3p03MIpHOT (DYHKIIIi MPUBATHOI
OaxaHocTi i = exp(- exp(- y'i)) nns BunajKiB MEXOBHX 3HAYEHb OE3PO3MIPHOT QyHKIIT ¥ > 0,
TIOB’513aHO1 3 PIBHAMH ITOKa3HHKA Y1, SIKi BIANOBIIaI0Th oro kputepito B T3.

A.
B.
C.
D.

JUTS 3HAUEHHS 6€3p03MIpHOTO MOKa3HuKa )i < ()
JUIsl 3HA4eHHS 0e3p03MipHOTro MOKa3HuKa y'i = ()
JUIsl 3HA4EeHHS 0€3p03MipHOTo MOKa3HUKa y'i << ()
JUTSL 3HAYEeHHS 0€3p03MipHOTO OKa3HuUKa y'i > 0.

3 HaBeneHOI Tab1. 5.14 06epiTh X04a 1o oHOMY peskuMy (Ne 1oci.), mpu peanizarii onepariii
BUTOTOBJICHHSI OTBOPIB IS TOJIOK B 1H  €KIIIHHUX MITIPUIIAX, TIPH IKOMY (SIKHUX) 00poOJIeHn OTBIp Oyie MaTh
PO3MipHi OKa3HUKH (AiaMeTp OTBOPY Ta HOTo TOYHICTh, HAsIBHICTh KOHIYHOTO BXOJTY Ta I0CTaTHIO 11t T3
MIPOTYKTHBHICTb OTIEpallii, T0OCTaTHLO MaJIMiA pIBEHh MAIIMHHOTO Yacy Tmarr).

A. NeNe 4 ta 20 st ronku giamerpom 0,4 mv; NeNe 11 ta 26 11t TOJIKH JllaMEeTPOM

B.

D.

0,6 mm; Ne 17 ast ronku giamerpom 0,8 Mm

NeNe 15 Ta 26 ns ronku giamerpom 0,4 mm; NeNe 13 ta 24 11 roKu iaMeTpoM
0,6 mm; Ne 17 mns ronku giamerpom 0,8 MM

NeNe 1 ta 18 nns ronku niamerpom 0,4 mm; NeNe 3 ta 15 nns ronku aiaMeTpom
0,6 MM; Ne 10 mst rosiku giamerpom 0,8 MM

NoeNe 8 Tta 16 mist ronku giametpom 0,4 mm; NeNe 7, 20, 22, 23, 25 ta 27 mis
ronku aiamerpom 0,6 MM; HeMa€ st ToKu aiamerpom 0,8 Mm

SIKuii aNIrOpUTM BUMArae Mporieaypa ONTHMI3aLii peKUMiB 00pOOKH B TEXHOJOTTUHIN oneparii mpu

0arato KpuTepialbHIX BUMOTaXx JI0 il pe3ysIbTaTiB?

A.

nopsaoK 1:

42



11.
1il.

1v.

00’ eqHaHHS TOKa3HUKIB 13 T3, Ha ski B T3 BCTaHOBJICHO IPaHUYHI KpUTEPIi,
B y3arajJbHEHHUH 32 TUM UM 1HIIMM CTIIOCOOO0M;

MOJICITFOBAHHS TTPOIIecy 0OpOOKH BiTHOCHO y3araJlbHEHOTO IMOKA3HHKA;
BUKOHY€ETHCS CTATUCTUYHUH aHAI3 eKCIIEPUMEHTY 32 BETMUYUHAMU
y3arajlbHEHOTO MOKa3HHKa, ISl IKUX B pa3i MO3UTHUBHUX PE3yJIbTaTiB
aHaiizy OyJyeThCsl MaTeMaTUYHA MOJIEIb;

METOAAMHU aHATITHYHOI T€OMETPil TOCITIIKY€ETHCSI MOJIENb Ta BUKOHY€ETHCS
MOITYK KOOPAMHAT €KCTPEMAJIbHUX TOYOK a00 cTallioHapHUX It 00OpaHuX
PIBHIB y3araJlbHEHOTO MOKAa3HUKA;

oJiepaHl KOOpAWHATH B (PaKTOPHOMY IPOCTOP1 CKIAJAAIOTh KOMIUICKCH
pPeXUMIB peaizarlii onepariii

. TIOpAIIOK 2:

1.

11.

iil.
1v.

MOJICTTFOBAHHS TIPOIeCy 0OpOOKH BITHOCHO KOXKHOTO 3 ITOKA3HUKIB, HA SKi B
T3 BCTaHOBIIEHO I'pPaHUYHI KPUTEPIT;

BUKOHY€ETbCS CTATUCTUYHUHN aHAJ3 eKCIIEPUMEHTY 3a BEJIMUUHAMHU, JIJIS
SKUX B pa3l MO3UTUBHUX PE3yJIbTATIB aHATI3Y OYIyIOThCSI MaTeMaTHYHI
MOJ€eNi;

00’€THaHHS MaTeMaTHYHUX MOJIETIEH B €IUHY;

METOAAMHU aHATITHYHOI Te€OMEeTPil TOCTIIKY€EThCS y3arajJbHeHa MOJIEb Ta
BUKOHYETHCS OUTYK KOOPAMHAT €KCTPEMaJIbHUX TOUOK a00 CTallioHapHUX
it o0panux piBHiB Dj;

oJIepKaHi KOOPAUHATH B (DaKTOPHOMY TIPOCTOPi CKIIAAAIOTh KOMIUIEKCH
peXuMIB peajizarii omepartii

HOpSIOK 3:

1.

11.

1il.

1v.

MOJIETIIOBAHHS MIPOIECy 0OpOOKH BITHOCHO KOXKHOTO 3 IMMOKA3HUKIB, HA K1 B
T3 BcTaHOBIIEHO I'paHUYHI KpUTEPIi;

3a JaHUMU €KCIIEPUMEHTY B KOKHIH TOUIlI eKCTIEPUMEHTAIBHOTO TIaHy
MiApaxoBYIOTh OKpeMi 0a)XaHOCTi Ta 1X cepe/iHi 3Ha4eHHS 3a U
MTOBTOPHICTAMU Giu;

B KOKHIM TOYIl €KCIIEPUMEHTAIBLHOTO TUIaHY IMiIPaXOBYIOTHCS 3HAUYCHHS
y3aranbHeHoi pyHkuii 6axanocTti Dj;

B SIKOCT1 peKUMiB 00pOOKH 0OUPAIOTHCS YMOBU €KCIIEPUMEHTY B THX
TOYKax IUIaHy, Jie 3HAYCHHs y3araibHeHoi QyHKIii 6akaHOCTI
NEPEBUILYIOTh HWXKHIH JOMyCTUMUI piBeHb, TOOTO 0,4

nopsiioK 4

1.

1l

11l.

1v.

MOJIETIIOBaHHS MPOIecy 0OpOoOKH BIIHOCHO KOXKHOTO 3 MOKA3HUKIB, HA K1 B
T3 BcTaHOBIIEHO I'paHUYHI KpUTEPIi;

3a JaHUMU €KCIIEPUMEHTY B KOXKHIH TOULll €KCIIEPUMEHTAIBHOTO IIJIaHy
IiApaxoByIOTh OKpeMi 0axaHOCTi Ta IX cepe/iHi 3HaueHHS 3a U
MIOBTOPHICTSIMH Zju}

B KOXHIH TOYIll €KCIIEPUMEHTAJIBHOTO TUIaHy MiIpaXx0oBYIOTHCS 3HAUECHHS
y3araiabHeHo1 GyHKIii 0axxanocTi Di;

BUKOHYETbCS CTATUCTUYHUM aHaII3 eKCIIEPUMEHTY 3a BenuuuHamu Di, s
SKHMX B pa3l HO3UTUBHUX PE3yJIbTATIB aHaNi3y OyJdy€eTbcs MaTeMaTHYHA
MO/IEJIb;

METOZaMHU aHAJITUYHOI TeOMEeTpii TOCIIAKY€EThCS y3arajJbHeHa MOJIEIb Ta
BUKOHYETHCS MOLTYK KOOPAMHAT €KCTPEMaJIbHUX TOUYOK a00 cTallioHapHUX
st o0panux piBHiB Di;
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Vvi.  ojepkaHi KOOpAWHATH B (PaKTOPHOMY MPOCTOPI CKIATAI0Th KOMIUICKCH
pPEeXUMIB peaizarii oneparii.
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